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REMARKS ON THE GENUS NANNO, CLARKE. 

By Alpheus Htatt, Boston, Maea. 
(Plate I.) 

• discovery and description of this genus by Prof. J. M. 
Clarke Las materially added to our knowledge of the structure 
and development of the siphon in the Endoceratidcb and 
thrown j. new light upon the affinities of the forms of this 
group. The endosiphon* is absent in the maturer stages of 
Nanno and probably also in Vayinoceras^ and in Sannionites 
it ar>p»^ars to be present only in a fragmentary form in some 
species. Prof. Clarke's original specimens in some cases dem- 
onsitate the existence of an endosiphon in the young of Xan- 
no and that it was in one stage an open tube. This gives a 
standard by which to judge of the affinities of the genera in 
the Endoceratidm and shows clearly that Kndoceras is the 
radical from which the genera Sannionites^ Xanno and Vagina- 
cerag were derived. Prof. Clarke having generously al- 
lowed me to study his types, I have made careful observa- 
tions upon these interesting fossils. The specimens figured 
in his platef , figures 5-7, are in my opinion the young of fig- 
ure 1, as described by Clarke, and so are also figures 2 and 8. 
Figure 3 represents a full grown siphon of a specimen older 
obviously than figure 1. 

^I have u^d the term siphon in this pa(>er to facilitute comparison 
and ri'ference to Clarke's paper. 1 usually use the term siphuncle ft)r 
the calcareous tube and siphon for the fleshy tube. 

\*'JianHO, a new Cephaloprnlan tvpe," J. M. Clarke, Am. Geologist, 
vol. xiv, p. 205, pi. 6, Oct., 1804. 
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I have been able to find the endoeones of his figure 8, al- 
though there are only slight indications of their presence in 
this specimen, and the deposits are much more solid in this 
specimen than in an}- Endoceras I ever saw. They greatly 
resemble in color and general aspect those of Xarfhecoceras, 
mentioned below, and may have been built in the same way, 
namely, by the sheath while shrinking towards the central 
axis. This specimen is important because it shows clearly 
the alteration in shape of the sheath and that it has shrunk 
in size. There are no indications that it built any deposits 
while it was being withdrawn upwards except in a small 
patch on one side. Here the radiatory lines are inclined as if 
there had been a steady withdrawal upwards or orad at 
the same time that there was a shrinkage in bulk towards the 
central axis. The shape of this sheath explains the truncated 
end of that given in this paper, figure 1, and shows that the 
bevelled apical end of this and its acutely angular ventral 
point is really the normal form derived from this younger 
stage of the sheath. It shows also that this tube is not a true 
endosiphon. although it so closely resembles one, but is in 
reality the termination of a retreating sheath. 

I have not been able to find satisfactory evidence of the 
general existence ol fibrous radial structure. Obscure radia- 
tions occur but close study of these show that the radial lines 
are the apparent boundaries of pseudocrystals, not true fibres. 
They may be attributed to the mode of deposition of the cal- 
careous matter, but can hardly be considered integral struc- 
tures of the solid filling, which, in my opinion, is an amorphous 
pseudocrystalline deposit often denser than in Endoceras 
but only secondarily radiatory in structure. I do not wish 
to be understood as stating that the structure of the filling is 
not radiatory. On the contrary there is a decided radiation 
in the pseudocrystals that shows well on broken and abraded 
surfaces, but I differ somewhat from Prof. Clarke in my inter- 
pretation of the meaning of these lines. When radiating lines 
are present as integral structures the fibrous nature of the de- 
posits are easily demonstrated. Such structures occur in the 
siphon of Xarthecoveras* a new genus of Endoceratidi¥ 

*Siiic(' writing tht? above I have consulted one of my drawings and 
the fine specimen from which it was taken and find distinct but spo- 
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The Genus Kanno^ Clarke. — Hyatt. 3 

described in a paper I am now preparing for publication. 
The type is Narthecoceras {End,) crassisiphonatnm (Whit- 
eaves sp.)* The only known species are this and Karth. 
(End,) simpsonijSp. Billings. 

The youth of the specimens referred to above is in my 
opinion established by the aspect of the sheath. The sheath 
is complete in Clarke's figure 8 and approximately complete 
in the originals of figures 5, 7 and 2 and also 4. This is a 
most extraordinary fact considering the great variety of 
young specimens as a rule, and one might well claim that these 
were probably full grown. On the other hand the original of 
Clarke's figure 1, gives strong evidence in support of his con- 
clusion that they are identical and belong to the same species. 
That they are each complete in their own stage is demonstra- 
ted by one of the specimens from Chatfield, figured here on 
plate I, figure 1. This is about the size and length of Clarke's 
figure 2 but is not a complete siphon like that specimen. It 
is a fragment of the apical end of some larger and older fos- 
sil. The sheath penetrating the center of the broken stem is 
represented by a narrow tube less than 2 mm. in diameter 
which at first seems to be an endosiphon. 

Having examined the tips of the siphon in Clarke's speci- 
mens of Nanno^ I found on each a broken place or scar indi- 
cating in one specimen, the original of Clarke's figure 2, pos- 
sible contact with the external shell and having in the center 
what appeared to be the mark of an endosiphon. On each of 
the other specimens there were marks not wholly accounted for 
by abrasion, except in that of the original of figure 1, which 
is considerably worn. Suspecting that these indicated the 
presence of an endosiphon I ventured to make a section of 
the specimen described. 

radic traces of fibrous deposition in a specimen of E/idocenm, E. protei- 
fitrmet from the Trenton limestone. The fillinji: varies from loose sub- 
cryslalline or sparn- to comparatively dense, opa(|ue. while with nu- 
natrous lines of deposition, all of them parallel with Ihe surfaces of the 
♦Midocones. These are crossed here and there bv curved lines which 
occasionally may have a fibrous aspect. Near the wall of the siphon 
there is, in one spot, a number of these lines that may be described as 
indicating a tendency towards fibrilli/.ation in the structure of the fill- 
in^', and in other parts there are similar ai)pearances especially near the 
MTjill of the siphon. 

*The Orthoceralida? of the Trenton limestone of the Winni|)eg basin; 
Trans. Roval Soc. Canada, vol. ix, 1891. 
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The tubular sheath (fig. l,pl. I.) extends apicad of the bro- 
ken end to a length of 7 mm. without change of diameter, but 
bends slightly and is truncated or bevelled at the apical end 
forming an acute angle in the section on the ventral or 
straight side and an obtuse angle on the dorsal or gibbous 
side of the siphon. The whole length of the section is 31 mm., 
the greatest transverse diameter is 9.5 mm., and the diameter 
of the broken end is 7.5 mm. Apicad of this sheath the fill- 
ing was not dense as in the original of figure 8 of Clarke, or 
figures 3-6 given in this paper, but very loose semicrystalline 
calcite, and in the middle of the broadest part the entire cen- 
ter was hollow with an intruded piece of the darker colored 
matrix on one (the dorsal) side. This local absence of de- 
posits can be accounted for because the upper right hand side 
of the specimen removed in making the section, was crushed 
opposite this cavity. This wound may have been made dur- 
ing the life of the animal and, if so, this would account for 
the absence of deposits in the center as well as the loose sub- 
crystalline aspect of the filling above. The character of the 
deposits and the differences between those of the periphery 
and central parts is given accurately in the figure. The dark 
mass on the left upper corner above the hollow space is the 
intrusive matrix alluded to above. This space was completely 
inclosed so that the matrix did not penetrate into its interior. 
The pseudocrystals surrounding it were distinctly visible 
through the hole in the wall of the siphon before the right 
side was cutaway in making the section. The wound in the 
right side had been partly closed by these internal deposits 
as the animal grew in length but these repairs did not fill it 
r>ut to the surface of the siphon, they merely shut oli* the en- 
trance to the ventral parts of the holl(»w. 

The peripheral deposits are radiatory in arrangement and 
evidently organic. These deposits are penetrated at the tip 
by the endosiphon which is a tube open at the end. The wall 
on the dorsal side is a distinct dark line showing that it was 
composed of conchiolin. The limits on the opposite side are 
less definite but perfectly perceptible. The center near the 
lower end is completely filled with the red matrix, identical 
in aspect with the piece of matrix on the left of the hollow 
above and that filling the interior of the truncated sheath. 
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The matrical filling of the endosiphon tails out internally, 
disappearing in the organic, calcareous, white deposits. The 
form of the filling proves clearly that the ananepionic endo- 
siphon was open to the exterior like the sheath above and 
that it was closed during the life of the animal by internal 
deposits which did not completely fill the tube but left an ir- 
regular conical hollow at the tip which was plugged up by 
the ferruginous matrix after the death of the animal. The 
exact time of the internal organic closure was probably at the 
end of the paranepionic substage or beginning of the next or 
neanic stage. This young endosiphon in other words pene- 
trated the first endocone and belonged to the same substage. 

The earlier substage when the siphon was empty must have 
possessed a simple aperture connecting with the protoconch. 
To make this clearer to readers unfamiliar with recent inves- 
tigations among cephalopods it is necessary to interpolate a 
short description of the stages of development among these 
forms. 

The protoconch or earliest embryonic stage of the shell is 
supposed to have preceded the formation of the tip of the 
conch and to have communicated with the first living cham- 
ber in this tip through the endosiphon. This is naturally 
called the "prosiphon" by Zittell on account of its position, 
but the author considers it as not proven that this organ is in 
any sense a siphon. On the other hand it is when complete a 
differentiation of the tube formed by the tip of the sheath 
and it is at all stages distinct from the funnels of the sur- 
rounding siphon. The siphon is built up by the funnels 
which are formed by a differentiated zone at the base of the 
mantle, whereas the endosiphon is built by the probably thin- 
ner walls of a prolongation of the mantle called the fleshy 
sheath. There is always a sharp distinction between the in- 
ternal deposits of the fleshy sheath and the funnels both in 
position and structure. 

The ananepionic substage is a septaless living chamber with 
a cicatrix, oval or round in Endoceratido'., the metanepionic 
has septa and a huge empty siphon, which in Xanno practi- 
cally fill the interior of the apex, the paranepionic sub- 
stage has a similar siphon but with the first endocone and an 
endosiphon formed in the apex and continuous with the open- 
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ing of the cicatrix. At the end of this substage or the begin- 
ning of the neanic (adolescent) stage the endosiphon was 
plugged up internally with calcareous matter in JVawwo, as 
described above. The second endocone belongs to the first or 
ananeanic substage when the siphon begins to contract and 
there is no endosiphon. 

Among the specimens there was another figured by Prof. 
Clarke only in part in his section, figure 4, to show the radial 
deposits. This proved so very peculiar and interesting that 
I have given an enlargement in plate I, figure 2, with the cen- 
ter omitted where Clarke's section was taken. The sheath in 
this is complete but has a rounded termination. The two en- 
docones are present as in Clarke's figure 8 and the structure 
of the organic filling is the same but less dense than in that 
specimen and not so opaque. The interest centers in the pe- 
culiar density, rounded termination, and structureless aspect 
of the filling of the second endocone, immediately apicad of 
the tip of the sheath, and the contrast between this and the 
triangular space between this and the first endocone. In this 
triangular space the filling is looser and subcrystalline show- 
ing rapid deposition as if done by a retiring and comparative- 
ly rapidly moving fleshy sheath. 

In completing the end of this section I opened up the en- 
dosiphon and, finding that the trace grew narrower nearer 
the center of the tip, ceased grinding. Subsequently upon 
close study by reflected light from a sheet of white paper I 
succeeded in seeing the dark trace of the endosiphon still be- 
low the surface but penetrating, as shown in figure 2, the en- 
tire thickness of the first endocone. Then by taking otf a 
little more I found the endosiphonal walls below continuous 
as given in the figure, but the dark shade still allowed to re- 
main in this figure has become less noticeable. 

This observation shows that the endosiphon is not always 
precisely tubular and sometimes is not in the exact center so 
that it may be easily obliterated when rubbing down a speci- 
men and may be present when not visible in a section taken 
through the center. That it was like that of figure 1, open 
to the exterior, is shown by the dark color of the matrieal fill- 
ing, which agrees with that of the sheath above, and it also 
belongs to the age of the first endocone as in that specimen. 
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Thus it seems clear that in Nanno^ and possibly in Sannioni- 
tes^ in which genus the endosiphon is often absent in adults, 
this organ is clearly a characteristic of the metanepionic sub- 
stage. 

The opening through the apex of the empty, siphonless 
shell in the anepionic substage was not an endosiphon but a 
primitive organ or protendosiphon probably communicating 
with the protoconch. 

The true endosiphon was formed by the tip of the swollen 
sheath while it was building the first endocone, which there- 
fore belongs to the middle nepionic substage. Upon the en- 
try of the animal into the paranepionic substage a rupture of 
the sheath and endosiphon took place and the sheath in clos- 
ing at the apical end plugged up the endosiphon and began 
to build the loose filling immediately apicad of the tip of the 
second endocone. The second endocone was built as shown 
by darkens figure 8 and this figure 2, as the siphon was be- 
coming contracted and it was completed after the siphon had 
assumed the proportions of the ephebic siphon so that this 
endocone should be reckoned as belonging to the ananeanic 
substage. These materials give the approximately exact his- 
tory of these substages but they plainly show that the nepi- 
onic stage had an endosiphon which was lost at the termina- 
tion of this stage and that at the beginning of the neanic 
stage there was still a large sheath with a more or less conical 
end, as in figure 2 and Clarke's figure 8, quite diiferent from 
the elongated tubular termination of the same organ in the 
ephebic stage as shown in figures 1 and 3, yet agreeing with 
it sufficiently infigure 1 and Clarke's figure 8, to make it highly 
probable that the older sheath is only a shrunken modifica- 
tion of the ananeanic sheath. 

This result does not in the least contradict Prof. Clarke's 
result that Xanno did not have an endosiphon, on the con- 
trary it confirms this point and adds simply the fact, that this 
genus possessed an endosiphon only in the young and was 
probably therefore, a modified descendant of Kndoceras yfhiQh 
had this organ throughout life. 

The original of Clarke's figure 3, having been cut by him, 
shows some extremely interesting and novel characteristics. 
The sheath is shown in plate I, figure 3, terminating abrupt- 
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ly and is somewhat different from figure 1, showing consider- 
able variation in the form of the termination of the sheath. 
This is in part due to age, since this is obviously an older 
stage than that given in figure 1. It is probable that Xanuo 
aulema was a short shell, all the indications being in favor of 
this opinion. If so the tubular termination of the sheath in 
figure 1, which is undoubtedly ephebic, indicates that the 
more abrupt and stouter termination in figure 3 is a degener- 
ation due to age, and implies that the senile stage had been 
entered upon in this specimen before the animal died. There 
are no definite endocones and the filling is very solid and 
opaque, the radiation of the deposits is also less distinctly 
marked than at younger stages. The lower end of this frag- 
ment of a siphon is swollen slightly showing that the proxi- 
mal part of the nepionic stage is present and that the distal, 
or younger part, only is missing. The shell is preserved and 
is shown in figure 4 on the ventral side and in figures 5-6. 
These figures demonstrate relations between the siphon and 
shell unparalleled in the history of similar fossils. The shell 
on the venter is in absolute contact with the walls of the 
siphon so that it becomes part of the siphonal wall on that 
side. Microscopal sections of more perfect specimens are 
needed to establish the details, but so far as can be deter- 
mined by this fossil, it appears to be quite certain, that the 
septa and funnels, which exist on the dorsum of the siphon 
and which there and on the sides form the wall of the siphon, 
have entirely disappeared on the venter. This alone estab- 
lishes Xanno as a new form of the Endocevafidce, 




Figure i. 



The shell in the section, figure 3, is the outer or ventral 
wall of the siphon and in the ideal view, figure 1, page 8, 
the relations of the ventral shell to the siphon are shown as 
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they are supposed to be when the shell of figure 4 has been 
removed from around the edges. The funnels and remnants 
of the septa are shaded with vertical lines. These disappear 
when they come in contact with the shell and do not pass 
around the venter as in all other endoceratites. The substance 
or filling of the siphon is dotted and the remnants of the 
shell clinging to the venter and surrounding the apex of the 
siphon are not shaded. 

The shell was thick and smooth, externally. The funnels 
on the dorsal and lateral aspects of the siphon were certainly 
present and appeared to form the wall of the siphon as they 
do in Sannionites^ Endoceras and Piloceras, i. e., pass from 
one septum to the next, building a single wall. Nevertheless 
the length of the funnels was not actually traced except near 
the septa, and this conclusion, that they actually reach from 
one septum to another is an inference from the structure of 
allied forms of the same group. It is very common to find 
the isolated siphons of this family without the delicate shell 
of the lower parts of the funnels, but with remnants of the 
septa and upper parts of the funnels still attached to the solid 
siphon. 

Vaginoceras (Endoceras) belemnitiforme Holm,* differs 
from Sanniom'tes in having the siphon composed of longer 
funnels. Each septum in forming its funnel passes beyond 
and into the opening of the next funnel and reaches, in many 
cases, to a point opposite the opening of the second funnel 
apicad of its aperture. The wall of the siphon is, in other 
words, everywhere and in all stages later than the nepionic 
stage, double and composed of the apical and oval parts of two 
funnels. The young of Vayinoceras heleniH it (forme, as figured 
by Holm, is very similar to that of ^aniw, and filled the apex 
of the shell in the same way. 

Materials for comparing the young of Saunionifes and 
Xainio are wanting at present and, although the adults seem 
to approximate closely, it does not follow that the nepionic 
stages will be similar. There arc two specimens in the collec- 
tion of the Museum of Comparative Zoology, Cambridge, Mass., 
which appear to be the young of Saunionites {Cameroceras) 
trenfonnen,se,sp, Conrad, and if so the young of this species 

*Abhandl,, Damos ot Kayser, 111, pi. i. 
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has a much smaller neponic siphon than yantw. The tips are 
decidedly similar in form, but have constrictions showing 
traces of the presence of funnels and septa to within a short 
distance of the apex. The siphon, in other words, is made up 
of funnels even in the nepionic stage. 

Endoceras has siphons with swollen ends that in some spe- 
cies must have nearly filled the tip of the shell, but in other 
species this is not the case. There are similar phenomena in 
PHoceratidce; some genera of this group have siphons as small 
as in Sa union it es and compare with typical Piloceras as Sati- 
nionifes compares with Endoceras, 

The large size of the apical part of the siphon which ap- 
proximately fills the the interior of the shell in Xanno caused 
that author to speak of this young shell in an article on 
"Cephalopod Beginnings"* as having ahugh protoconch. This 
view is also held b}'^ Holm and others in Europe, and is a nat- 
ural inference from the general aspect of the swollen tip, but 
I held the opposite opinion in several papers before the pub- 
lication of Ford's observations. These showed conclusively 
in Piloceras and Actinoceras, both of which have very large 
siphons in the young, that the apex of the shell had a deep 
cicatrix. This discovery shows clearly that the swollen tip 
of the siphon and shell is not a protoconch in the forms in 
which it occurs, but that the apex of the surrounding shell is 
a true conch, having a cicatrix like that of other nnutiloids. 

The view that this swollen apical part of the siphon is a 
protoconch is more likely to be taken in Vaginoceras and in 
yanno than in Sannionites, Endoceras or Piloceras. In these 
genera the siphon may or may not have a swollen end and I 
am even doubtful whether the existence of this swollen, si- 
phonal apex in the nepionic stage of the shell may not be a 
matter of individual variation in some species. I am quite 
sure, from the materials now on hand, and from Holmes fig- 
ures of Vaginoceras, that it varies greatly in the same species. 
It is also a fact that when the siphon in this stage is swollen 
in Endoceras that it must have very nearly filled the interior 
of the beginning or earlier stages of the shell. 

The septa are, however, traceable in some specimens not- 
withstanding the very narrow space in which they were de- 

♦Amekicax Geolocjist, vol. XV, ]). Vl'y, Fob., 1805. 
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veloped and it is obvious that the swollen end is sometimes 
made up of the funnels of from four to six septa and that the 
tip of the siphon is a coecal cone like that of other forms of 
nautiloids, differing principally in size. 

In good specimens the extreme tips of these siphons bear 
marks of having been perforated by a hole that communicated 
with the apex of the shell layers, which seemed to have been 
plugged up as the siphon became filled with organic deposits. 
The evidence of this consists in the lighter or darker color of 
a central spot that appears on the apex of isolated siphons 
and is often much more decisive than the external marks on 
any specimen of yanno. This spot is sometimes circular but 
may also be elliptical or irregular, and it differs usually in 
color from the outer surrounding surface and is continuous 
internally with the endosiphon. 

The remarkable transitional form described by Clarke as 
Ortkoceras with a protoconch makes the conclusion previ- 
ously drawn from the existence of the cicatrix on the apices 
of yautihts, OrthoceraSy and Piloceras, much more reliable 
than it was previously. This discovery confirms the opinion 
that the division of the early stages into protoconch and 
conch is true probably of all nautiloids and the cicatrix upon 
the apex of the true conch is probably in all cases to be ac- 
cepted as due to the removal of a protoconch. 

This being true, the very close similarity of the younger 
stages of yanno, Snnnionites, Vagfnoceras and Endoceras to 
Piloceras, makes it highly probable that the apex of the shell 
will be found to have an external cicatrix in the former, 
although it may not be such a deep pit as that already deni- 
ongtrated in Piloceras by Ford and confirmed by my own ob- 
servations upon the species in this country. 

EXPLANATION OF PLATE L 
yanno aulema Clarke. 

Fi(}. \. Fragment of the end of the siphon of a specimen in the ephe- 
bic stage, enlarged two diameters. This shows the endosiphon in the 
first ondocone, filled by the red ferruginous matrix and clused internally 
b} organic defx)sits, aiso the loose character (»f the remaining internal 
defiosiis, the hollow formed in the center by the absence of these d«*pos- 
its and a part of the narrow tubular end of the shealh above. Enlarged 
+ 2 diameters. Ix)cality, Chatfleld, Minn. 

Fio. 2. The entire siphon of a younger si)ecimen in the ananeanic 
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substa^o, cnlarsred two diameters. It is somewhat younger than 
Clarke's 11^. 8 and belongs to a larjrer s|H.*cimen, but is neverlheh»ss in 
the same substage of growth. In (^larke's figure the sheath is more 
shrunken in proixirtion and sliows the approaching termination of the 
ananeanic substage. The triangular space between the first andS4*cond 
endocones is filled with ihe l(M)se organic de|X)sit of the paranepionic 
subslage which plugged up the end<»siphon of the metanepionic sub- 
stage. The second endocone has a dense structure at the apex and be- 
longs entirely to the ananeanic substage. as shown in this and Clarke's 
fig. 8. Enlarged + 2 diameters. Locality, Minneaiiolis. 

Fi««. 'i to «. Clarke's original of his fig. *l. enlarged about 2.3 to show 
details. This is a siphon 1>eIonging to a somewhat longer and older 
si>ecimen than his fig. 1 when complete, and is fM»rhai)S at the begin- 
ning of the geronlic stage. Fig. 3 shows the shell on the venter forming 
the outer wall of the siphon and the abrupt termination of the sheath, 
which is larger and blunter in that of fig. 1 at a younger stage of 
growth. 

Fi(». 4 is the same s|x*cimen from the frunt. showing relations of shell 
to the septa and funnels on the left. Fig. 5-0 the same from side and 
back. 



[Crucial points in the geology of the Lake Superior region. No. 5.] 

STEPS OF PROGRESSIVE RESEARCH IN THE 

GEOLOGY OF THE LAKE SUPERIOR REGION 

PRIOR TO THE LATE AVISCONSIN 

SURVEY. 

By N. H. Winchell. Minneapolis. Minn. 

Having now briefly noted the leading concurrent geologic 
events of the Taconic in North America as they are known to 
have occurred in regions surrounding the Lake Superior re- 
gion, it is next in order to give more close attention to the 
Lake Superior region itself. The geological literature of this 
region may be separated into two parts, based on a historical 
datum, viz., the Wisconsin geological survey concluded in 
1879 and fully published in 1883. 

American geological opinion, while in the main making an 
onward advance in correct interpretation, has been oscillatory 
on more subjects than one. This has been owing in no small 
degree to the tendency of the human mind to overestimate its 
own achievements. "When some new fact in science, or some 
new understanding of a group of facts, has been vividly por- 
trayed and applied by some new investigator he has some- 
times given such wide scope to the new truth that it has been 
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made the cause of serious error. It is not always under the 
lead of the discoverers that these new keys are misused, but 
their followers and imitators are prone to not only adopt the 
new ideas but to apply them to the solution of problems and 
to the fancied discovery of other ideas to which they have no 
relation. This tendency once started by an influential geol- 
ogist is carried much farther by others, and still farther by 
their successors until the bad consequences become so evident 
that they are finally detected and their cause is discovered. 
Then commences a swing of the pendulum in the opposite di- 
rection, with perhaps equal exaggeration and equally serious 
errors. The lat^r errors, however, are never duplicates of the 
old mistakes. They are on another plane, and their effects 
are less broad in scope though not less profound in originality 
and importance. By the amount of advance which separates 
the later plane from the arena, on which the earlier geologists 
operated, is the progress of the science measured, from gener- 
ation to generation as the pendulum of opinion swings from 
extreme to extreme. Like a ship which makes headway by 
tacking into the wind, does geology constantly shift and con- 
stantly advance, though rarely or never straight ahead. 

The Wisconsin geological survey served as one of the turn- 
ing points in the progressive examination of the geology of 
the Lake Superior region. Almost everything before that, so 
far as relates to these formations, had been substantially in 
accord with itself — at least there were few dissentients from 
the leading classification which had been advanced in the 
middle and early in the latter half of tiie century. Before 
noticing the new ideas approved by the corps of the Wiscon- 
sin survey, it will be best to consider succinctly the ideas 
that were prevalent prior to that survey. 

The officers of the Canadian geological survey were among 
the first to put forth generalizations upon tiie stratigraphy of 
the Lake Superior region. The tragic early death of Dr. 
Douglass Hughton, by drowning, cut short for many years the 
voice which American geologists south of the international 
boundary might have had in forming geological opinion on 
these rocks. He shared the views of Dr. E. Emmons, and 
many of the specimens collected by his field parties were la- 
belled by him and referred to the Taconic system. Thus la- 



14 The American Geologist, July, 180S. 

belled they lay for many years in the museum of the Univer- 
sity of Michigan.* His reports, however, were few and rather 
brief, and exerted but little influence. Meantime the views 
of the Canadian survey became current in American litera- 
ture. The energies of the New York survey, and of the offi- 
cials who inherited its results, were at this juncture expended 
in other directions. New York was the only state with an 
efficient geological organization that had a lively interest in 
the classification of these rocks. Those who are acquainted 
with the rather personal disputation which followed the offi- 
cial close of the New York survey will quickly apprehend the 
probable cause of the silence of the geologists of New York 
on this subject at a date when their voice would have been 
powerful. States further west entered later upon this field, 
and they were in a large measure forced to accept the princi- 
ples and the general stratigraphy of the Canadian survey 
then in vogue. With slight exceptions they have not varied 
from the established nomenclature, nor from the early group- 
ing of these ancient terranes as made out and published by 
the later Canadian survey. 

The first important generalization by the Canadian survey 
was printed at Paris in the French language in 1855. + In 
this publication, after a brief description of the Laurentian, 

the Huronian system is defined in the following words: 

J)u Hynt^mt Camhrien ou Iluronien. 

Los bords dos lacs Huron <'t Siii)erieiir nous offront un«' serie do 
schistes, «rres, calcniros et conglomerats, inlercales avoc de piiissantes 
assises do diorito, ot roiK)sant on stratiflcalion discordantosiirlo syst^mo 
laurontion. Commo cos rochos sont inf^riouros au torrain silurion. ot 
commo d'ailloiirs olios n'ont jiis(|ir ii presont otfort aiiciin fossilo, elles 
[M'uvont bion otro rap|x)rleos an systemo cambrion (lo cumbrion infe- 
riour do M. Sodj;\vickj. Los schistos do co systemo snr lolac Sui)eriour, 
sont do coulour blouatro, t»t ronform»»nt dos couchos iW silox corn^ t|ui a 
dos bandos calcairos. ot dont los fontos sont souvont roniplios d'anthra- 
c'iU\ 

Cos rocbos sont rocouvortos d'uno epaissour considerablo do Irapp, sur 
loipu'l sont siii>or|M)seos do piiissanlos ussisos do irres blanc ot roujre qui 
passont quolquofois a I't'tal de conglomerat ronformant dos orbiciilosde 
(piart/ ot do jaspo ♦ * ♦ * 

♦Comparo aUo tbo lists pubiisbod in Gool. Sur. of Micb. by Hrooks, 
vol. II, i>. 2.'{r), 180J)-73: and "Jackson's roiH)rt," giviuir rock samplos 
colloctod in 1844, pp. 1)17-1>18 and 910. 

f Ksquisso geologiquo du Canada, Looan and Hu>'T. Paris, 1855. 
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Dans la formation corn'Spondante de la rive septentrional*? du lac 
Huron, on rencontre des gr^s ayant iin asiH*ct plus vitreux et des con- 
glom^rats plus abondants que sur le lac Sup6rieur. assocl^s jx^urtant 
avec des schistes et des conglom^rals schisteux semblables a ceux que 
nous venons de decrire. le tout otfrant de grandes masses intercalees de 
diorite. Une couche de calcaire ayant une epaisseur de seize metres 
forme une partie de cettc s6rie, h, laquelh^ M. Logan donne une puis- 
sance de plus de trois mille metres. M. I^gan a constat^^ apr^s Tir- 
ruption des diorites interstratifi^es, celle de deux syst^mes de dykes de 
diorite, et une troisidme de granite d'une efxxiue intermediaire entre 
ces deux derniers. La formation des veines m^tallif^res appartient h> 
une 6poc]ue plus r^cente encore. Les esi)^ces principales de ces veines 
sonl le cuivre natif, le quartz, le spath calcaire, la dolomie, la fluorine 
et la barytine avec plusieurs zeolitlies, dont la plus abondante est la lau- 
montite: on y rencontre en outre la lieulandite. la stilbite, la thomson- 
ile, Tapophyllite et I'analcime, ainsi que la prehnite et le datholite. 
Ces veines ne sont m^tallif^res que lorsqu'elles traversent les couches de 
trapp. 

This stntement, which doubtless was designed to embody 
the results of the Canadian survey to that date, covering the 
researches of Logan and Murray, on the Huronian of the 
region, is remarkable for three things : 

1. The Huronian is made the equivalent of the Lower Cam- 
brian of Sedgwick. 

2. The Huronian includes the whole copper-bearing series 
of the region, including what is now styled Keweenawan. The 
little colored map which accompanies the work also demon- 
strates that. 

3. The Huronian is said to be nonconformable on the Lau- 
rentian. It is probable that the locality about five miles east 
of the mouth of the Thessalon river, in the original Huronian 
region, was depended on for authority for this statement. 

In 1863 Logan issued his great summary of Canadian ge- 
ology,* in which he varies somewhat from the Esqnisse of 1855. 
The assumed parallelism of the Huronian with the Lower 
Cambrian is not mentioned, and the copper-bearing rocks are 
divided into two series — the upper and the lower volcanic 
groups. These are said to lie non-con formably upon the Hu- 
ronian, the upper group in the original Huronian region and 
the lower group in the Thunder Bay region. The two togeth- 

*Geology of Canada: Refn^rt of progress from the cumm«*ncement of 
the survey to 1803. Montreal, 1803, with an atlas. 
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er arc, with some hesitancy, made the equivalent of the Pots- 
dam or of the Potsdam and Calciferous of New York state. 

But a serious error was committed by Logan in this compi- 
lation, as has been pointed out distinctly by R. D. Irving. It 
consisted in not parallelizing the rocks of the original Huron- 
ian with the lower volcanic group (Animikie) of the copper- 
bearing series, in the vicinity of Thunder bay, and making 
them the equivalent of the lower slates at that point which 
are non-conformable below the lower volcanic group. This 
separation of the lower volcanic group in the region of Thun- 
der bay from the Huronian necessitated the application of 
the term Huronian, by him and by all subsequent Canadian 
observers up to the time of A. C. Lawson, to the underlying 
schists, which has finally led to the extension of the term to 
all the schists and associated rocks downward to the Lauren- 
tian, and, further, to the assertion that the Huronian is con- 
formable with the Laurentian, since these schists gradually 
merge into the gneisses which constitute the Laurentian in the 
Lake Superior region. Again, since these lower schists, with 
their associated greenstones, are by far the greater series and 
the most important of the schistose rocks of th^ region, they 
came soon to monopolize the term Huronian, and to determine 
its significance, thus greatly perverting its original sense and 
scope. It was this perversion that Irving and Lawson cor- 
rected.* The separation of these lower schistose and gneis- 
sic rocks from the term Huronian, and their designation un- 
der the new term Onfariaii by Lawson, is a recent important 
classificatory step. However, these corrections have t«ken 
place since the Wisconsin survey. 

With the exception of the non-identification of the Huron- 
ian with the copper-bearing rocks (both upper and lower 
groups), the later grouping by Logan agrees with his earlier. 
The effect, however, of his earlier publication remained with 
the British geologists, and remains to this day. They recog- 
nized and adopted Logan's term, Laurentian, but they make 
the Cumbrian the equivalent of his Huronian. 

Some 3'ear8 before Logan's classifications, as above, some 
United States geologists were surveying the copper and iron 

•C/ompare N. H. Winchkll, Methods of stratijrraphy in sluilying the 
Huronian. Amkhican Geologist, vol. iv, pp. 342-.'{57, 1889. 
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lands in the Lake Superior region for the United States gov- 
ernment. Their report appeared in 1851* and is accompanied 
by a map which, has a classification which, in the light of 
what is known now of the geology of the Lake Superior region, 
appears curious and fantastic. All the rocks are divided in- 
to aqueous, metamorphic and igneous formations, which, for 
a grouping as to origins, is not bad. The aqueous rocks ex- 
tend down to and include the Potsdam sandstone and its un- 
derlying conglomerate the base of the "Silurian." Below that 
is the Azoic system, a metamorphic group, comprised in two 
parts, viz., "crystalline schists" and "quartz." The igneous 
rocks are represented as of two sorts, granite and trappean, 
the latter being sometimes associated with the Azoic and 
sometimes with the Silurian. As with Logan, the names and 
the classification of the New York series were employed as 
far as pjssible, the copper-bearing formation being at the 
base of the Silurian. 

Examining this map more carefully, it is learned that under 
"Azoic" is included, essentially, the rocks of the real Huro- 
nian, viz., the area of the original Huronian and their exten- 
Bion on the east shore of lake Superior and the slates of the 
Thunder Bay district. The granitic and trappean rocks asso- 
ciated with these make up the Azoic. In general the Mar- 
quette and Menominee iron districts, and the area north- 
westward on the Brule river as far as Lac Vieux Desert are 
fragmental Azoic. These are surrounded by igneous granite 
and pierced by trappean rock. It will be seen that Logan in 
1863 followed Foster and Whitney in distinguishing the up- 
per copper-bearing series as of Silurian age, but not in put- 
ting the slates of the Animikie in the Azoic. The copper- 
bearing series is placed bodily, as the equivalent of the Pots- 
dam of New York. It seems further that Foster and Whitney 
were not aware of the existence of two series of slates in the 
Thunder Bay district. 

After the foregoing the next contribution to the geology of 
the Lake Superior region which needs to be mentioned here 
was the report of the Michigan survey, conducted by Brooks, 
Piimpelly and Rominger. Major Brooks adopted the expand- 

•K«»port on the Geolo^^y of the Lake SufM^rior Land district. J. W. 
FosTKR and J. D. Whitney. Part II. 1851. Washington. 
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ed Hiironian ideas of the Canadian survey, and attempted a 
delineation of the stratigraphie succession of the rocks of 
that system as exemplified in the Marquette district, making 
nineteen stratigraphie parte, to which he subsequently added 
one more, an eruptive granite supposed to be younger than 
all the others. He says nothing of the duplicate nature of 
the copper-bearing series, brought out by Logan in 1863, but 
only describes Logan's "upper volcanic group." He institu- 
ted, however, an important distinction in this series, as it had 
before been described, viz., he separated the traps and their 
tilted sandstones from the horizontal sandstones which he 
called Silurian. He does not seem, however, to be very posi- 
tive about the validity of this distinction, since at his typi- 
cal locality for examining the relations of these rocks* he 
calls attention to sandstones ^'apparently Silurian," which had 
a dip amounting to 45° toward the south. He says: 

S<) far as my obsHrvatioii has cxtt'iuk'il, this rult* is general: that is, 
no Lake Superior sandstone which is unmistakably Low<?r Silurian has 
ever been found in any iM>sition other llian horizontal: and no rock 
which was unmistakably of the CopiK'r series has been seen which was 
not considerably tilted. The fact that certain sandstones belonging to 
the Cop|H»r series are very similar, if not lithologically identical with 
some of the Lower Silurian sandstones, has hel|XHl to complicate the 
(piestion. 

Subsequcntl}'^ he united with Hunt in the name Keweenawan 
for the traps and their associated amygdaloids and inter- 
stratified sandstones. f It will be noted that the use of the 
qualifying word **unmistakably," by Maj. Brooks, on each side 
of this dividing datum, in the classification which he adopts, 
leaves a wide margin of uncertainty. It is within this mar- 
gin that the crucial facts on which such a distinction should 
re^t, ought to be sought for ; for on close inspection it might be 
found that, on either side, those strata which are assumed un- 
mistakably to be one or the other,show characters of dip or other 
structural relations which would make them doubtful. Others 
might be doubtful on account of lithology. Thus the datum 
of distinction might disappear in thoroughly exploring the 
unknown interval of uncertainty existing between the unmis- 

♦(leological Survey of Michigan, vol. i, p. 18,5, IHT.'t. 

f Compare U. S. (Jkant: The name of the copper-bearing rocks of 
lake Superior, Amekican Ukolo^ust, vol. xiv, pp. Jl)*^-iyt, March, 1895. 
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takable certainties to which he applies distinguishing names. 
This point will be examined more fully later. 

Prof. Pumpelly's attention was given to the copper-bear- 
ing rocks and the sandstones. From his observations made 
on the Penokee and Gogebic ranges, and thence eastward to the 
Ontonagon river, in company with Maj. Brooks, he reached 
the conclusion that the Cupriferous series is conformable 
with the Huronian. A joint paper by Pumpelly and Brooks* 
expressed the opinion that the Cupriferous maybe more near- 
ly related, in point of time, to the Huronian than to the Silu- 
rian. Like Brooks, he calls the later sandstones Silurian, the 
Cambrian at that time being included in the lower part of 
the Silurian. From this conclusion, however. Brooks later 
recededf and pointed to evidences of the separateness of the 
Keweenawan and the Huronian. 

Dr. Rorainger affirms that there is no choice, from strati- 
graphic considerations based on observed facts, but to see in 
the Lake Superior sandstones the equivalent of the Potsdam 
sandstone. "Its lower portions are so intimately connected 
with the sandstones and conglomerate beds of the Copper- 
bearing trappean series that I could draw only an arbitrary 
division line between the two groups, which would swell the 
thickness of the sandstone group to many thousand feet." J In 
passing through the Portage canal, Keweenaw point, and to 
the west side of the axis of the point. Dr. Rominger made a 
series of careful observations upon the relations existing be- 
tween the eastern sandstone and the western sandstone, and 
thence to the traps. He states that there seemed to be a 
conformable continuation in the descending order, "an unin- 
terrupted serial connection between the trappean copper- 
bearing deposits and the Lake Superior sandstones." (P. 98.) 
This has never been contradicted as to that locality. 

It appears, therefore, that the result of the Michigan sur- 
vey, touching the relations of these sandstones to each other, 
and of the copper-bearing series to the Huronian, was not 
satisfactorily conclusive. The three principal geologists 
reached different conclusions. It remained for the Wisconsin 



♦Am. Jour. Sci., (3). vol. in, p, 428. 1872. 

tAm. .Tour. Sci., (3), vol. xi. pp. 206-211. 187C. 

tMichigai) report, vol. i, p. 81 (of report on the Paleozoic rocks), 1873. 
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survey to put the stamp of approval upon one or the other of 
these diverging views. 

Up to the time of the Wisconsin survey, therefore, it may 
be said that the following was the state of opinion of the 
leading official authorities on the geological questions under 
consideration : 

1. The Huronian system is a vast congeries of Azoic f rag- 
mentals, cut by granitic and trappeaneruptives. 

2. The copper-bearing series overlies the Huronian, the 
upper volcanic group non-conformable on the original Huron- 
ian, and the lower volcanic group non-conformable on the 
expanded Huronian. 

3. The upper volcanic group is non-conformable on the 
lower volcanic group. 

4. The Cupriferous series (upper volcanic group), is close- 
ly associated with sandstones, the upper portions of which, 
and probably the lower, are of Potsdam age, the non-con- 
formities with the traps being incidents of an eruptive age 
and of local extent and significance,— or 

5. The horizontal sandstones are of wholly later date, of 
Potsdam age, and, being non-conformable against tilted trap, 
cannot be of the age of the trap. 



[PALi€ONTOLOGlCAL NOTES FROM BVCHTEL COLLEGE. NO. II.] 

ACTINOPHORUS CLARKI, NEWBERRY. 

By E. W. Claypole, Akron. Ohio. 
(Plate II.) 

In his monograph of the fossil fishes of North America Dr. 
Newberry described and figured a specimen under the above 
name of which, however, very few details were given in con- 
sequence of the imperfection and indistinctness of the fossil. 
It was obtained by Dr. Clark of Berea, Ohio, from the Cleve- 
land shale and is now in the collection of Columbia college. 

Since that time Dr. Clark has found another specimen of 
the same fish which being in better condition, though incom- 
plete, enables us to recognize some additional features. On 
this fossil the following note is based. 

Actinophoriis clarki was, according to Dr. Newberry's de- 
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scription, about eighteen inches or two feet in length, but 
these measurements must be somewhat increased if we may 
judge by the size of the jaw of the new fossil which, when 
compared with that of Dr. Newberry's is at least one-third 
longer. The whole hinder part is missing, but the body is 
fairly preserved as far back as the ventral fins which are in 
part visible. The most conspicuous and the best preserved 
portions are the jaws and the pectoral fins. The jaws of the 
right side are almost perfect, lying closed and spread out on 
the stone. Those of the left side are crushed and concealed 
beneath them. The former aspect of the fossil is represented 
in our figure, where very little has been attempted in the way 
c»f restoration beyond supplying one or two teeth from the 
opposite jaw and setting in its original position the nasal or 
intermaxillary bone which had been flattened down. 

The mandible in its general form agrees with that of the 
cladodont sharks as figured in one of our previous notes but 
it has little of the corrugation that is so conspicuous there 
and was consequently inferior in strength and stiffness though 
this lack was in part made up by a greater thickness. Its 
surface, in the hinder part at least, is marked with a fine and 
simple tuberculation. The broad thin blade of which pos- 
teriorly it consists thickens forward, especially upon its upper 
margin, so as to afford a broad base for the support of the 
teeth. Most of these have disappeared but one or two remain 
in place and resemble those of the upper jaw where most are 
still visible. The}^ are simple, conical cusps, not true teeth, 
because they are not by nature epithelial but consist of in- 
tegral parts of the jaw, as do the teeth of Coccosteus^ being 
as it were excavated from that bone. Eight or ten of them 
stood in a row distant from each oyier about a half-inch and 
locked in, closing between those of the opposite jaw. Their 
form is that of a round cone slightly flattened laterally at the 
base. They are quite smooth and unstriated. 

Behind these and along the upper margin of the mandible 
is an irregular row of small, fine, sharp denticles very distant 
from one another. They occupy about an inch and a half of 
the jaw and disappear where the maxillary closes down out- 
side of the mandible. If they continue farther back they are 
concealed by this bone. 
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The mandible is nearly straight and meets its fellow of the 
opposite side at a very acute angle. The symphysis was not 
terminal but was overhiing, as will be shown later, by the 
forward projection of the maxillary. 

The maxillary also consists of a thin plate of bone of a 
similar nature and appearance to that of the mandible with 
which it unites posteriorly by a condyle fitting into a fossa or 
socket in the latter. The hinder part (»f this bone is in good 
condition but its anterior portion is badly crushed and dis- 
placed except along the edge that carried the teeth where it 
is well preserved. It bears the same style of ornamentation 
as the mandible already described and on its lower edge, be- 
tween the condyle and the teeth, stood a row of fine, sharp 
denticles facing those already mentioned in the lower jaw. In 
front of these are six conical teeth, and three others can be 
supplied from analogy with the opposite maxillary, making 
nine in all. These in no wise differ from their antagonists in 
the mandible already spoken of. But in front of them and 
apparently rather in front also of the foremost of the lower 
teeth stand two very much larger and stronger than the rest. 
They are unfortunately somewhat forced out of place by the 
compression to which the fossil has been subjected, but they 
apparently inclined backward as well as downward, thus 
gaining additional prehensile power. 

All the teeth are perfectly simple and show no sign of lat- 
eral denticles of any kind and of course no successional teeth 
are present. 

The maxillary bones are firmly united in front and form a 
sharp beak or snout, projecting an inch beyond the above 
mentioned large teeth. All the rest of the head has been so 
crushed as to be quite unrecognizable, though some fragments 
of comparatively thick plates indicate the existence of an os- 
seous cranium. 

Along the lower edge of the mandible is a series of plates 
which were regarded by Dr. Newberry as representing the 
branchiostegal rays. He remarks "branchiostegal rays nu- 
merous" in his decription of the species. They are perhaps 
more correctly described by Mr. A. S. Woodward in his cata- 
logue as a paired series of transversely elongated rays devel- 
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oi>ed in the branchiostegal membrane between the mandibular 
rami. 

These are an excellent preservation in the present specimen 
and form, as shown in the figure, a kind of fringe, composed 
of thin plates and covering the lower surface of the mouth, 
running backward from the lower margin of the mandible to 
meet on the median line a corresponding set from the oppo- 
site side. 

The indivicfUal plates are about two inches long and one- 
third of an inch in width and overlap slightly at the edges. 
They are as thin as paper and apparently formed a pliable 
protection to the tissues beneath them. At the hinder end of 
the mandible these two sheets of chain armour parted on the 
medial line, leaving a space in which now lie the fragments of 
bone already mentioned, among which are probably the brok- 
en hyoids with some of the branchial arches in an unrecog- 
nizable condition. 

Many of the above details are rendered attainable by the 
fact that, although the fish lies, as did that of Dr. Newberry, 
belly upward, yet the head has bt*en so pressed to one side 
during fossil ization as to show that aspect in considerable 
perfection. This has prevented the crushing of the semi-car- 
tilaginous bones of the head into an indiscriminate mass as is 
usual with the fossil fishes from this shale. 

Not much can be added to Dr. Newberry's account of the 
pectoral fins. They are well displayed in his specimen and 
only a few more details can be gathered from this one. The 
peculiar falcate form, the great number (68 in this case) and 
the remarkable thinness of the rays mark this species off from 
all other known fossil fishes of the same horizon. Both the 
long and the short rays fork at about one-third of their 
length from the base and again about as far from the tip so 
that their ultimate branches or trichinosts become excessively 
fine and give a very delicate texture to the edge of the fin 
which has no membranous border. 

The scapulo-coracoid arch is only seen as a broken and 
crushed mass, so that it is impossible to give any account of 
it. It may, however, be noted that the pectoral fins show dis- 
tinct signs of fulcra in the advance of the ganoid scales over 
the base of the rays in the hinder portion. 
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The pectoral fins are two inches behind the back of the 
mandible and about eleven inches farther back still may be 
seen parts of the two ventral fins. These show a similar fine 
structure and nineteen or twenty rays can be counted on one 
of the fragments. 

No part of the body behind these fins is preserved in the 
specimen, so that its whole length can only be inferred from 
its proportions. But it was an exceedingly slender fish, not 
apparently exceeding three inches in width at the pectoral 
fins and one inch and a half at the ventral. 

The skin was protected in whole or in part with a covering 
of small rhomboidal ganoid scales which are here and there 
preserved so as to exhibit their form and relationship. A few 
of them are shown, much magnified, in our figure. (Plate II.) 

Thoujgh the present specimen affords several data concern- 
ing this fish that were not previously known, yet, unfortu- 
nately, its imperfection renders the determination of some 
other critical questions impossible. The whole head above 
the maxillary is missing, so that nothing can be said of the 
orbit or the suspensorium, on the position of which latter the 
place of the animal in the system in part depends. ,It6 refer- 
ence to the paheoniscids is, however, satisfactorily confirmed 
by other and previously known evidence, such as the minute 
scales, the broad and numerous branchiostegal rays and the 
very slender body. The genus was accordingly placed by Mr. 
A. S. Woodward next to his Apateolepia from New South 
Wales, a fish about ten inches long, whose length was about 
six times its greatest width. 

ActiiwphoruH clutki must have measured when alive at least 
thirty-six to forty inches while its greatest depth at the pec- 
toral fins did not exceed three and a half or four inches, 
making the former dimension about ten times the latter and 
showing a fish far surpassing the other in slenderness and 
grace. Apateolepis is also said to be without fulcra, which, 
as we have seen, is not true of Actinophorna, 

In the family of the Paheoniscids the neural arches are 
more or less ossified and in many cases the huMual arches also, 
especiall}'^ toward the caudal end. This is true of Acthiopho- 
rus, A well marked line of thin bones can be traced from the 
pectoral to the ventral fins, a distance of fifteen inches. They 
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form a continuous ridge in the fossil and occupy about one- 
eighth of an inch each. These show by their position that 
they are the ossified neural arches and along the hinder part 
of the line a double row can be traced consisting of both neu- 
ral and hsenial arches. The presence of distinctly ossified 
spines is not clear. 

An interesting point in the interpretation of the fossil is 
the presence in the place of the stomach of the remains of the 
food. Behind the pectoral fin are the mandibles of a small 
titanichthyoid fish, with other unrecognizable plates scat- 
tered over the interval. Farther back still is a well marked 
ichthyodorulite fluted from end to end so far as it is visible. 
It lies separate from all the other fragments and must be re- 
garded as belonging to the food and not to the fish in ques- 
tion. The original of neither of these relics has yet been 
discovered elsewhere. 

The pala?oniscids are an essentially Carboniferous and post- 
Carboniferous family of fishes, scarcely any of them having 
yet been found below the lattt^r horizon, (nieirolepis trailli 
from the lower Old Red sandstone of Scotland and (-, cana- 
densis from the upper Devonian of Scaumenac bay, Canada, 
being almost the only Devonian forms. Moreover, it should 
be here borne in mind that this genus has been by some ich- 
thyologists, as by Pander for example, separated from the 
paltf^oniscids and placed in a family by itself-the Cheirolepidte. 

It is, therefore, interesting to find so well marked a species 
of the family on an horizon so low and in company with as 
old a type as Coccosteus. The origin of the paheoniscids 
must evidently be sought in strata below the upper Devonian. 
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General Stratkjkaphy of the Lake Shore. 

In the northeast corner of Vermont and extending across 
the line into the province of Quebec for several miles is one 
of the most picturesque bodies of water to be found in that 
region. This unique lake has long been known as lake Mem- 
phremagog. It is somewhat crescentic in shape, but has a 
general north and south trend. The contour of the surround- 
ing country and the shape and position of the lake, as com- 
pared with others in the same region, suggest that the de- 
pression now occupied by this body of water was produced 
by glacial agents. It is evidently not due to a downward 
folding of the Paleozoic strata, for there is little or no evi- 
dence of such a movement. On the other hand, the prominent 
elevations, especially those on the west side of the lake, as 
well as the shores, with their occasionally eroded surfaces, ail 
point to the conclusion that the depression was produced by 
glacial erosion. 

Along the southeastern shore there is sutlicient accumula- 
tion of drift to render an examination of the country rock 
impossible. A few of the islands at the southern extremity 
of the lake are made up wholly of drift material, while those 
in the central parts consist of rounded domes of schistose and 
shaly rocks, having resisted to a remarkable degree the erod- 
ing effects of moving ice. 

A brief examination of the stratified rocks, as exposed 
along the shores toward the north, has led the writer to be- 
lieve that they represent the lower members of the Paleozoic. 
Starting from Magog, at the northern extremity of the lake, 
the rocks exposed on either side for some distance to the 
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south consist of thinly bedded shaly limestones. These ex- 
tend on the west side as far south as Sargent's bay, and on 
the east within a short distance of Magoon's point. The three 

islands known as the**Three 




Sisters" show admirable ex- 
posures of the same lime- 
stone series, which is re- 
garded as belonging to the 
Upper Silurian period. 
Passing to the south along 
the east shore a limestone 
formation was found to 
overlie a slaty series con- 
taining graptolitic remains. 
The slaty rocks are re- 
garded by the Canadian 
Geological Survey as Cam- 
bro-Silurian. Between the 
graptolitic slates and the 
mouth of Fitch bay was 
found a schistose slaty de- 
posit resting upon a crys- 
talline series skirting the 
north shore of Fitch bay. 
The latter is regarded by 
Mr. Ells as pre-Cambrian,* 
being an extension of the 
' Sherbrooke anticline which 
gives rise to Stooke mountain to the northeast. At Magoon's 
point were found moderately fine grained granites associated 
with schistose and slaty rocks. From this point to the 
southern extremity of the lake the country rock is quite ex- 
tensively covered with drift. The granite is undoubtedly an 
outlier of the granitic series mapped by the Canadian Survey. 
Similar rocks cover quite large areas to the east and north. 

The Upper Silurian limestones on the west were found to 
extend to the north side of the entrance to Sargent's bay. 

♦R. W. ELi>t«, Iio|K)rt on the jreolojry of a iK)rtion of th«* cjishTii town- 
shijn*, relating more osi>eci*iIIy to the counties of Complon, SlHnstend, 
B«»aiice, Richmond and Wolfe. Can. Geol. Survey, Pt. J, An. Rep. 1886, 
p. 32. 
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On the south side of the bay similar shaly limestones were 
not<»d overlying a black calcareous rock. Further south the 
stratified rocks have been disturbed by the intrusion of Owl's 
head. The sediments are somewhat metamorphosed to cal- 
careous schists and talcose slates. In this region calcareous 
layers were recognized beneath black slaty deposits, while on 
the east the calcareous rocks were found to invariably orerlie 
the slates.* At Round island the rocks are made up wholly 
of calcareous schists intersected by dikes. These rocks are 
probably metamorphosed portions of Upper Silurian deposits. 

The Dikes. 

Through the entire area examined the dikes were found to 
cut the shaly limestones. It seems probable that the outlying 
dikes are more or less closely associated with the intrusions 
now represented by Owl's head, mount Orford, and possibly 
many others known to have occurred even as far north as 
Montreal. The dikes represent two well defined groups, 
(jrauites and lampvophyres. 

Granite Dikes. 

The granitic intrusions are invariably light in color, owing 
to the predominance of quartz and white or flesh colored feld- 
spar. The dark silicates consist mainly of biotite, with occa- 
sional flecks of muscovite, and yellowish brown patches of 
some mineral substance which has probably resulted from the 
decomposition of an iron-bearing silicate not at present re- 
cognizable. In some instances the crystalline texture becomes 

*In a private Icltvr Mr. U. W. KIIs of lh<« Canadian (irolo^ical Survey 
has kitidlv uutlinrd the results derived from a recent studv o\ Ww. stral- 
ijcrraphy of Ihis re^rion. He says: "The lower part, as you suj)|K»se, is 
bordered on either side hy I'pper Silurian limestones whicli contain 
fossils at several |H)i!its. These rocks exten<l from ('apt. (Jully's wharf, 
north of Ma^'oon's |H)inl, to Maj^o^, and on the west side from the north 
entrance of Sar«,'<'nt's hay to the north end of the lake. At Owl's head 
the Upper Silurian is uiMh»rnealh the C'ambro-Silurian ^^raptolitic 
slates, the formation hein<r overturned. At K<iund island, below the 
Mountain hcMise the rocks are Up|M'r Silurian, fossiliferous, now altered 
to schists and cut hy diki's from the Owl's head. This places ihi* age 
of the Owl's head and other prominent hills in the vicinity at the same 
horizon as the Montreal intrusiim or at the close of the UpiMT Silurian. 
The Owl's lu'ad dikes also cut the ('ambro-Silurian slates as do the Or- 
ford diorites on the east. On the east side of the lake the Oeorgeville 
limestones are underlaid hy the ^^raptolitic slates about one and a half 
miles south of the villa*re and tht» ri<l«:e between there and Flitch bay 
consists of an intermediate series, pn'sumably Cambrian, between the 
prapiolitic s»»ries and the pre-C'ambrian of the e.xtension of the Sher- 
brooke anticlinal. 
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unusually fine. The scales of biotite seem to have, adjusted 
themselves in a parallel position as if the mass had been sub- 
jected to great pressure while in a plastic state. In such cases 
the rock presents a somewhat gneissic structure. In a few 
instances the dark colored silicates form but a small part of 
the rock, quartz phenocrysts become insignificant, and the 
crystalline texture is less prominent so that the rock mass at 
times resembles quite closely the bostonites* of lake Cham- 
plain. The rock ordinarily presents all the phases of a true 
granite and is regarded as such in this paper. 

Lamprophyre Dikes, 

There were found associated with the granitic rocks, as well 
as in other parts of the lake, dikes ditfering quite widely from 
the former, both in physical structure and mineral composi- 
tion. Microscopic examination shows that they fall naturally 
into the lamprophyric group of Rosenbusch. They differ from 
the granites in being dark grey to black in color, with mod- 
erately fine crystalline texture and occasional phenocrysts of 
dark colored silicates, sufficiently well developed to be macro- 
scopically determined. In some instances the phenocrysts 
were found to be pyroxene ; in others the idiomorphic con- 
stituent proved to be hornblende; while in still other instances 
olivine played the same role. A number of instances were 
noted in which the olivine reached a diameter of one and a 
half inches. It is a significant fact that the olivine pheno- 
crysts were invariably located in the central part of the in- 
trusive mass. On the contact the dikes were generally fine- 
grained and in some instances even flinty, the phenocrysts 
having entirely disappeared. 

Many of the olivine-bearing rocks have suifered decompo- 
Hition. The olivine has passed into serpentine, thus imparting 
a peculiar green tinge to the rock. In some cases a cross 
section of the olivine crystals exhibit a central core of the 
original mineral surrounded by a coating or shell of serpen- 
tine. All stages of decomposition were found in the thin 
sections. No feldspar was macroscopically determined except 
in one or two undoubted diabases, which were evidently very 

♦Bull. N(». 107, U. S. O. S.. Trap Dikes of Lake Ghamphiin, by J. F. 
Kemp and V. F. Marsters. 



30 The American Geoloyist, Joly^iSM 

closely associated with the intrusive mass represented by 
Owl's head. 

A microscopic examination of the dark colored rocks re- 
veals some interesting petrographical relations. As was an- 
ticipated, the examination of the series proved them to be 
made up of the same mineral mixtures as were found along 
the shores of lake Champlain (Bull. 107, U. S. G. S.). The 
intrusives, therefore, as found along the shores of lake Meni- 
phremagog may be enumerated as follows: Olivine diabase, 
camptonite^ autjite cam pton He, fourch ite and monchiquite, 

MiCRos<'oi»i(' Description of Dikes. 
Granite Dikes, 

This variety predominates along the eastern shore of the 
lake immediately north of the mouth of Fitch bay. A few 
narrow dikes were also found intersecting an island opposite 
OwPs head. 

Thin sections revealed well developed phenocrysts of feld- 
spar, as well as exceedingly minute lath shaped crystals, the 
latter making up at least eighty per cent, of the rock and 
constituting the ground mass. In some cases the ground mass 
hassulFered mechanical deformation, thus inducing an appar- 
ent clastic structure. When the clastic magma prevails the 
feldspar phenocrysts become comparatively rare. When the 
micro-crystalline structure predominates the porphyritic feld- 
spars become prominent and generally show twinning struc- 
ture. 

Quartz occurs as large irregular grains showing little or no 
crystalline form, and as fine grains making up a portion of 
the ground-mass. The larger individuals contain numerous 
streaks and clouds of fine dust, probably magnetite, as well 
as minute hair-like crystals with high index of refraction. 
Cross sections show hexagonal outlines. The crj'stalline 
form and high refraction suggest that the inclusions may be 
apatite. Under a high power lens numerous globules and 
acicular aggregates were also detected. 

Mica is the only remaining constituent of any importance. 
Biotite is by far the most prominent, but a few flecks of mus- 
covite have been detected in one or two sections. The biotite 
occurs as large irregular plates or bunches. The larger flecks 
are invariably frayed out on the edges as if they had been 
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subjected to 8ome eroding process. It seems probable that 
the more minute flecks and shreds of biotite found in the 
ground mass may have been derived from the larger individ- 
uals which originally may have been idiomorphic. Pleo- 
chroism is especially prominent. Plates parallel with the 
cleavage show a bright brown to very dark brown or nearly 
black color, while sections across the cleavage exhibit lighter 
shades of brown with a yellow tinge, and upon rotating the 
stage becomes dark greenish yellow. The biotite is gener- 
nll}' quite fresh but in a few instances a partial decomposi- 
tion to a reddish opaque mass was noted. Small amounts of 
magnetite are present with the biotite in addition to the fine 
dust noted in the quartz grains. 

Lamprophyre Dikes, 

While a few of the dark colored intrusives are undoubtedly 
diabase the majority of occurrences show various porphyrit- 
ic constituents which even by an examination of the hand 
specimens led me to anticipate the repetition of the same 
mineral mixtures (monchiquite group of Rosenbusch) as were 
found on the borders of lake Champlain to the southwest. 
As was expected microscopic examination reveals all the va- 
rieties of the monchiquite group except the biotite-amphibole 
mixture designated by J. F. Kemp as amphibole ouachitite.* 

Diabase, — The true diabases differ much from the typical 
diabases of the Triassic trap-ridges of the Hudson river or 
similar flows forming the north mountains of Nova Scotia. 
The dikes under consideration differ in containing a much 
smaller percentage of lath-shaped feldspar and a correspond- 
ingly large amount of augite, with occasional olivine pheno- 
crysts. Ophitic structure, so common in the Triassic diabases 
of Nova Scotia, is quite generally absent in thin sections. 
The augitc"! proves to be the most prominent colored silicate 
present. It occurs in two generations, as phenocrysts and as 
irregular grains making up a portion of the groundmass and 
partially filling the interstices between the feldspars. The 
porphyritic form is well developed, showing in cross section 
the characteristic cleavage angle and crystalline form. In 
most instances they exhibit light yellow rims with slight 

•Ark. Oeol. Survey, vol. ii, p. 393, 1890. Basic dikes outside of the 
syenite areas of Arkansas. 
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pleochroism and a still lighter yellow or nearly colorless cen- 
ters with little or no pleochroic tendencies. Rims of magnet- 
ite and reddish opaque masses generally surround the larger 
individuals and in a few cases seem to be partially absorbed 
by the peripheral area of the phenocryst. The irregular 
grains of the ground-mass have undergone more or less de- 
composition giving rise to secondary products. The grains 
as in the case of the phenocrysts are generally surrounded by 
magnetite rims or have become opaque and gray in color. 

Olivine is also more prominent than in the typical diabases. 
It is present as large crystals which have suffered greater 
change than its host. Fibrous rims and patches of serpentine' 
make up the secondary products derived from the olivine. 

Plagioclase forms the remaining part of the rock. The 
crystals are invariably fresh and lath-shaped, but not large. 
Multiple twinning is very common. An arrangement akin to 
flow-structure, or an adjustment of the individual feldspars, 
in a more or less definite direction, is apparent in a few sec- 
tions. Pockets or cavities filled with calcite are quite numer-' 
0U8 in some sections. In some cases they were lined with a 
fibrous mineral resembling serpentine, thus suggesting that 
the original mineral substance may have been olivine. On 
account of the prominence of olivine the rock is regarded as 
an olivine diabase. No. 17 is the best representative of this 
type. Others were found but are so completely weathered as 
to be unfit for microscopic study. 

Cawpfonife. — Associated with augite plagioclase rocks were 
found other mixtures of hornblende, augite, olivine and pla- 
gioclase. In two dikes the olivine and augite disappear, leav- 
ing the hornblende and plagioclase as the chief constituents. 
This combination is regarded as the typical caniptonite. The 
hornblende is always of the basaltic type, idiomorphic and in 
two generations. In a few dikes the augite forms an appre- 
ciable part of the rock, and in some instances is more promi- 
nent than the hornblende. C'omparing these with the camp- 
tonites of lake Champlain, it is evident that the persistent 
association of augite with the basaltic hornblende, together 
with its larger growth and idiomorphic habit, is more promi- 
nent in the lake Memphremagog occurrences. Owing to this 
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fact it is thought best to regard this combination as anyite 
campt unite. 

No. 20. Of the typical camptonites but one occurrence was 
found, (No. 20). In this dike the basaltic hornblende in two 
generations is the only colored silicate present. Magnetite is 
very abundant. The amount of plagioclase present is not 
large, but it is quite fresh. Considerable glass was also de- 
tected in the groundmass. Comparing this section with the 
original camptonite* discovered by Hawes, the only difference 
to be noted is that the hornblende is not so well developed in 
the dikes from lake Memphreraagog. Although they are 
much smaller the idiomorphic habit is quite apparent and 
other petrographical characteristics of this type are very easily 
recognized. 

Anyite camptonite, — Of all the dikes belonging to the camp- 
tonite series the augitic type is by far the most abundant. 
In addition to this hornblende in two generations, we find 
augite in the same relationship. In many cases the augite 
is far more abundant than the hornblende. The idiomorphic 
habit of the hornblende is retained as in the camptonite 
proper. The augite phenocrysts are well developed. The 
z')nal phases so prominent in the Lake Champlainf dikes are 
equally conspicuous in the dikes under consideration, the 
central portion of the individual being in general very light 
yellow while the peripheral area shades into light pink which 
brightens as the edge is approached, the latter being some- 
what pleochroic. Occasionally the central part is bright green 
surrounding a narrow rim, light yellow in color. It has been 
noted that with increase in the intensity of color in the pe- 
ripheral area there is a corresponding increase in the extinction 
angle. The variations noted reach a mamimum of 8°. 

The augite of the second generation shows definite crys- 
talline form. It is packed in between the feldspars and is the 
only granular constituent present. Pleochroism is noticeable. 
Small olivines with characteristic form and decomposition 

*Tho author wishes to acknowlod^re the aid so kindly riMidcred by 
Prof. J. V. Kemp, of Columbia (Jolie^e, N. Y., in loaiiinj: thin sec- 
tions (»f camj)tonite from the original locality of Hawes, and otferin^ 
siijrpostions which have been very helpful in the study of these intru- 
sives. 

fSee Bull. U. S. Geol. Survey, No. 107, p. 30. 
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products were observed in a few sections. Although consid- 
erable plagioclasc is present it is decidedly secondary in 
amount to the colored silicates. The idiomorphic habit so evi- 
dent in the diabases has disappeared, but the lath-shaped 
form and twinning are very easily recognized. Dikes Nos. 
12, 14, 19, 24, 27, 34 are augite caraptonites. 

No. 12. Augite is the chief colored silicate in this dike. 
Two generations are present. The phenocrysts exhibit marked 
zonal structure, the centres being nearly colorless or light 
shades of yellow or green, and rims various shades of pink 
with slight pleochroism. In general, it may be said that 
the greater variation in color the stronger the pleochroism. 
The augite of the second generation is allotriomorphic with 
the same optical features as the porphj-ritic constituent and 
filling the interstices between the plagioclases. The horn- 
blende present is very small in amount. Only a few flakes 
and ragged blades were noted. The plagioclase, although 
quite subordinate, shows the usual twinning and biaded 
form. Olivine crystals and grains are not uncommon. Ser- 
pentine is more or less closely associated with the olivine. 
Magnetite is also quite abundant. 

No. 14 differs from No. 12 in containing more hornblende, 
but it is still secondary in amount to the augite. Only 
one generation of hornblen<le is present and it is ag- 
gregated in bunches throughout the se<»tion. The individ- 
uals are idiomorphic and highly pleochroic, bright yellow- 
ish brown to deep brown. Cross- sections show the following 
forms: x P, ocPx, ocPoc'. Augite in two generations forms 
the larger part of the rock. The phenocrysts are exception- 
ally well developed, showing excellent zonal structure in 
nearly every individual, the centers being light yellow or 
colorless and the rims bright yellow with slight pleochroism. 
In cross-section the following faces are easily recognized: 
ooPx", ooPoo', xP. The following angles were determined by 
means of the graduated stage: 1 a 1 = 88^ ; ii a 1—132° . Very 
little fresh olivine was recognized. The larger phenocrysts 
have passed into serpentine, the crystalline outline, however, 
being retained. The plagioclase is generally twinned and 
more abundant than in No. 12. The feldspar contains nu- 
merous inclusions of colorless needles with strong refractive 
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power as well as minute and ragged flecks of a brown pleo- 
ohroic mineral resembling hornblende. The former may be 
apatite. Irregular bunches of magnetite are exceedingly 
abundant. 

No. 19 is nearly identical with No. 14, with the exception 
that the augite phenocrysts generally show a smaller extinct- 
ion angle. The great portion of the interior is grass green to 
yellowish green with yellow to pink rims. Small inclusions 
of hornblende were observed in the augite. 

No. 24. In this section the colored silicates show the same 
relationships as in No. 19. The plagioclase however is 
unique. It is more abundant than in any section yet de- 
scribed and contains the usual inclusions. The individual 
crystals are arranged with the long axes in the same general 
direction. The fractured and bent shape suggests that such 
an adjustment of the individuals may have been caused by 
great pressure while the magma, although somewhat plastic, 
was sufticiently firm to suffer fracture. This section is an in- 
teresting one for the reason that it contains pockets of a 
green opaque mineral in which are distributed many fresh 
basaltic hornblendes. The hornblende too is chiefly confined 
to this part, very little being associated with the augite. 

No. 27. The description of No. 12 is quite applicable to 
No. 27 with the exception that there is relatively much more 
augite of the second generation and correspondingly fewer 
augite phenocrysts of the first generation. 

No. 34 agrees very closely with No. 19, with olivine as an 
additional constituent. The olivines are unusually well devel- 
oped, and are easily recognized in the hand specimen, some of 
them being fully one and a half inches in length. 

Summary of Literature on other Occurrences of 

Camptonite. 

The name camptonite was first applied by H. Rosenbusch* 
todikes containing augite and basaltic hornblende as the chief 
bisilicates, with variable percentage of plagioclase, mag- 
netite and accessories. G. W. Hawesf was the first to dis- 
cover these peculiar rocks in this country, near Campton, N. 

*H. Ro»knbu8<'h: Physiographic dcr massij^cii (icsti'ine. vol. r, 188(5, 

p :m. 

fG, W. Hawks: On a ^roup of dissimilar eruptive rocks at Campton, 
N. H. A. J. S.. (3), vol. XVII, p. 14, 1879. 
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H., but described them Riniply us diabase, olivine-diabase and 
diorite. I apprehend it was to material from this locality 
that Rosenbiisch first applied the term camptonite, as the 
name implies. Subseciuently similar rocks found in the vi- 
cinity of Montreal were described b}^ B. J. Harrington. In 
1888 J. F. Kemp* discovered other occurrences in Orange 
county, N. Y. In 1889 the same writi»r§ described another 
camptoniU^ dike from Kennebunkport, Maine, and in the 
same year (as joint author with the present writer) published 
a short description of identical intrusives from Whitehall,! 
N. Y. and Proctor, Vt. In 1890-91 a much larger number of 
camptonite dikes were discovered along the shores of lake 
Chum plain by the same writers.^ An additional occurrence 
some thirty miles east of Fairhaven has been noted by Mr. F. 
L. Nason.** But few occurrences have been noted in other 
countries. E. Gollerf f describes very similar rocks from the 
Black forest; C'a.threinJJ and I)oelter§^ make mention of one 
from the Southern Tyrol, and Brogger|||| of others from 
Norway. 

MoNciiigriTE Dikes. 
In dike No. 10 the feldspar disappears — pyroxene and am- 
phibole become very prominent, making at least 80 per cent, 
of the rock. Olivine and its decomposition products play an 
important role. The importance of the individual constitu- 
ents based upon relative amounts composing the rock is as 
follows: Augite (second generation), augite (first genera- 
tion), basaltic hornblende, olivine, magnetite. 

*J. F. Kkmt: Diorilo dikr from the Forcsl of Dean, Oniiige Co., X. Y. 
A. .T. S.. (.'}), vol. XXXV. p. XW . 

5^.1. F. Kkmp: Tnip Dikes near Keniiobuiik|H>rl, Me. Am. CJkol., Mar.. 
181)0, ]). 127. 

I.I. F". Kemp uiid V. F. MAKSTEii.**: Camptonitt? Dikes near Wliitehall. 
Was)iin<^toii Co., X. Y. ami Proctor, Vt. Am. Geol., 1880, p. 97. 

•[.I. F. Kemp and V. F. Maksters: The Trap Dikes of the Lake Cham- 
plain Re^'ion. Hull. U. S. G. S. Xo. 107, 18JK}. 

**F. L. Xason: On a new locality for the Camptonite of Hawes and 
Uosenbusch. A. .1. S., (.T), vol. xxxviii, p. 221), 1881). 

ffK. Golleh: l)i(* LamprophvT«rftnj<e des sOtllichen Vospersarl. Xeues 
.Tahrbuch. vol. vi, Heil. Hand 1888, p. 185. 

^^A. CATiiUEfN: Zeitschr. f. Krystal., vol. x, 1884. p. 221. 

J^^C. Doeltek: Tscher. Min. und Petro^'. Mitth., 1875, pp. 170, 188 
and :K)4. 

||W. C. HuO(»«er: Zeitschr. f. Krystal., vol. xvi, 1800, p. 23. 
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The uiigite phenocrysts present the same characteristics as 
observed in the augite caniptonite. It might be said in addi- 
tion that the zonal structure is somewhat more prominent, 
becoming intensified under cross nicols. The angle of ex- 
tinction varies from 20^^ to 24°. The augite of the second gen- 
eration which makes up the greater part of the ground mass 
is allotriomorphic, with a tendency at times to become idio- 
morphic. Scattered through the augitic magma are numer- 
ous but minute crystals of basaltic hornblende. The strong 
pleochroism from light yellow to deep reddish brown is espe- 
cially noticeable. With one or two exceptions the hornblende 
may be said to show but one generation. A few very minute 
needles, however, were noted as inclusion in the augite phen- 
ocrysts. The remaining silicate is olivine, occurring either as 
partially decomposed granules, surrounded by rims of serpen- 
tine, or, occasionally as well developed phenocrysts exhibiting 
the usual crystalline form. Magnetite is very abundant and 
closely associated with the augitic groundmass. Consider- 
able glass was observed filling the minute interstices in the 
groundmass. 

Summary of Literature on Other Occurrences of 

monchiquite. 

Such non-feldspathic rocks were first discovered by Prof. 
Bonnet* in the Monchique mountains (Portugal) and subse- 
quently described by Leopold van Werwekef as an abnormal 
limburgite. In 1887 Prof. E. O. DerbyJ of the Brazilian Ge- 
ological Survey discovered similar eruptives in the region of 
Rio Janeiro. These, as in other instances, were associated 
with eleolite syenite. They were subsequently examined by 
Prof. Rosenbuschg and in reality formed the basis for the 
determination of the new rock type, but received the name of 
tlie original locality discovered about 1850. Along the shores 
of lake Champlain very similar dikes were found and subse- 

*Al«arve Bonnet: Drscriptioii jroo^rapliiciiu* vi ^eolo«fi(iut» d«' celtr 
province. fJsbon, 1850. 

fL. V. Wekweke: Bfitnij^ zur Keiintniss dcr Umburgitn. Ni'ucs.lalir- 
buch, 1879, p. 481. Sec also Neurs Jahrbucli, 1880, vol. i. pp. 141-18(5. 
Uebor (lie N^^phelin symiU'ii der Serra df Moiicliique ini sQdlichen 
Portugal iind die densclben durchsetzendeii Gesteine. 

^O. A. Derby: On Neplieline Hocks in Brazil, etc. Quart. Journ. 
CitM>l. Soc. London, 1887, p. 457. 

JiM. Ht'NTEU and H. Hosenbusch: Ueber Monchitpiite ein ('ampton- 
itischos Oangestein uus der Gefolgschaft der Elaeolith-syenite. TsclM'r- 
maks Min. und Petrog. Mitth., vol. xi, 1890, j). 445. 
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quentlj described by Prof. J. F. Kemp and the writer.* J. 
Francis Williamsf has also contributed to the annual reports 
of the Geological Survey of Arkansas very elaborate petro- 
graphical investigations of similar intrusives found in the 
vicinity of Fourche mountain, Arkansas. In this locality 
were found all the members of the monchiquite group. In 
defining the petrographical features of the monchiquites Dr. 
Williams states that ^'Rosenbusch considers these are made 
up of a porphyritic combination of olivine, augite and a glassy 
base with which may be associated either hornblende or mica 
or both of these minerals together. The glassy base often in- 
cludes minute crystals of plagioclase and occasionally of 
nepheline.'' 

FoURCHITE DiKKS. 

In dikes Nos. 18 and 40, olivine, forming one of the essen- 
tial constituents of monchiquite, entirely recedes, thus pro- 
ducing an olivine-free monchiquite. To such a mineral mix- 
ture J. Francis Williams has given the ixixme fourchite,\ 

The dike under consideration is composed chiefly of basaltic 
hornblende in two generations with a very subordinate 
amount of augite, a moderate amount of magnetite and a 
glassy base. The older hornblende phenocrysts are univer- 
sally large, well terminated and beautifully pleochroic. The 
smaller circular ftirms show the same feature as noted in the 
camptonites proper. Of the two generations the latter is 
more abundant. Augite is very subordinate, consisting of a 
few poorly developed individuals and occasionally pink or yel- 
low grains in a glassy base. Imbedded in the glass are 
many minute highly refracting needles. These may be apa- 
tite. A dark grayish opaque mass seems to be associated 
with the allotriomorphic augite. It may have resulted from 
the decomposition of augite, and may thus account for the 
unusually subordinate position of this mineral species. Much 
magnetite is also present. 

In the region of Fourche mountain, Arkansas, Dr. Wil- 
liams found numerous dikes of very similar mineralogical 
composition. In these occurrences, however, augite seems to 
be the most prominent constituent, while hornblende is more 

*()|). cit. 

f.l. Fkancis Williams: I^ik^ous liocks of Ark. Annual Ke|)ort, Geol. 
Survfv of Arkansas, 18JK), vol. ii. 

JSoe Ann. Ri*p. Geol. Survey of Ark., vol. ii, 1890, p. 110. 
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or less subordinate. The reverse is true of the occurrences 
under consideration. In the Lake Champlain region but one 
dike thatcan with any degree of certainty be called fourchite 
was found. Strangely enough, not a single dike, so far as I 
have examined them, shows a trace of biotite, which forms 
an additional and essential constituent of the missing mem- 
ber of the monchiquite group. The same is true of the Lake 
Champlain dikes. To such a combination Prof. J. F. Kemp 
has applied the term ouachitite* 

Other dikes than those mentioned are known in the region 
north and east of the lake. Prof. Kemp reports one from 
Sherbrooke. It therefore seems probable that a careful ex- 
amination of the lakes, streams and elevated areas between 
Magog and the St. Lawrence river may bring to light many 
more of these interesting formations. 
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iNTRODrCTION. 

The city of Rochester is situated upon a plain having an 
average altitude of 500 feet above ocean level. Within a ra- 

♦Tht* classification of this scries, as arranged by H. Hoseiibiisch, and 
presented in tabulated form by Dr. Williams, in his Arkansas KejK)rt, 
p. 110, is as follows: 
MoNCHiyuiTE Group. (Rosenbusch, 1890.) 



CoNrAIIflNG OtrviNE. 



Glassy base and mineraij) 



Monchiquite, Rosenbusch. 
1890 

Amphibole monchiquite 

Biotite monchiquite 

Amphibole biotite monchi- 
quite 



Ausrite. 



Olivine free. 



(Fourchite, J. F.Williams, 

1890. 
■' Aug^itite from Sierra de 

Tingua (in part^ Ro- 



l senbusch. 



Amphibole and auf^itc Amphibole fourchite. 

Biotite and auffite I Ouachitite. Kemp, 1890. 

Amphibole, biotite and | 

augite ' Amphibole ouachitite. 



fThis paper is an abstract of a longer and more complete description 
of the ''(Jecdojry of the Pinnacle Hills," read before the Uochester 
Academy of Science. April 22, 1805, which will be f)ublished in the 
Proceedings of that Society, with maps and photographs. 
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diii8 of 81 X luileH from the center of tlie eity the only eleva- 
tions even (»ne hundred feet higher than the plain are the 
ran^e of hills known as the ''Pinnacle hills/' lying at the 80uth 
border of the city. With their conspicuous position, unusual 
topography and complex structure these hills have not escaped 
the notice of glacial ge(»logists, hut until 1892 no one ventured 
any detailed description or any explanation (►f their origin.* 
During the meetings of the (ieological Society of America 
and the American Association for the Advancement of Science 
in Rochester, August, 1892, the geologists in attendance vis- 
ited and subsequently discussed them briefly in "Section E." 
At the Ottawa meeting of the Geological Society in December 
of that year Mr. Warren Upham read a paper describing these 
and other deposits of the region under the title "Eskers near 
Rochester, N. Y.,'' which was subsequently published in the 
Proceedings of the Rochester Academy of Science. f In that 
paper Mr. Upham describes the hills with considerable detail 
and concludes that they were deposited *Mn the ice- walled 
channel of a stream of water," '*open to the sky." Since that 
time the writer has been able to make a long and close study 
of these peculiar hills and has been forced to a conclusion 
radically dilferent from that of his friend, Mr. Upham. The 
opinion as to their origin, which the writer holds with full 
confidence, is that the hills are a kame series forming part of 
a frontal moraine. (See Plate III.) 

Mr. Upham's brief examination of the hills was made under 
the disadvantages that the forests were in full leaf and the 
gravel pits in active working. Only when the thick timber 
and undergrowth which covers the roughest portions are bare 
of foliage does some of the most significant topography ap- 
pear to good advantage; and the structure of the finer sands 
is developed by the wind only when the walls of the pit are 

*Th«* ejirlirst publisii^Ml n*ferriu'<* to tln'so hiils is in Dr. .Inmes HulTs 
rt'|M)rt on tin* Fnurlli (it'<>lo«:ic'al District of N»*\v York. Proft'ssor Clifs- 
t<T Dowry n'co«riii/<'(l tlicir ^rlacial diameter, so the writ^T is inforniod, 
but no writiiijrof liis rclalinsr to tlu»m lias btM'ii found. In tin* Ameki- 
CAX (iKOUMUsT, vol. V, p. ZKYl-K)!, April, 18iM), Dr. Charles H. Dryor, in 
an articli* u|M)n tin* "(ilacial G<'olo;ry of tln» Irondfcpioit Ki*«:ion/''n'f<'rs 
briftly to the liiils. 

tVol. II, p|). lSi.2(K), February. IHIKJ. 
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left iindinturbed for some time, yet not so long as to crumble. 
Mr. Upham is mistaken in describing the hills as a "ridge/' 
and he seriously underestimated the amount of till in their 
mass and the great amount of disturbance to which the beds 
have been subjected. Several important characters which are 
not noted in Mr. Upham's paper will be briefly described in 
the following pages. 

Location and Grouping of the Hills. 

The Pinnacle hills extend from tho village of Brighton to 
the Genesee river, a distance of four miles, with a general di- 
rection of west 15° south. The belt of hills has a linear 
form with a distinct curvature of large radius, the convexity 
facing southward. The range, however, is not continuous or 
uniform, but consists of groups of irregular hills and knolls, 
three main divisions being easily recognized. The first largo 
group extends from Brighton to Monroe avenue. This group 
is subdivided by a deep cut, the western mass being known 
as Cobb's hill, with a summit hight of 663 feet above tide. 
The sag which was cut by Monroe avenue originally had an 
elevation of 560 feet. The second large group lies between 
Monroe avenue and a sag or depression one-fourth of a mile 
west of South Clinton street (Pinnacle avenue). This group 
is the most distinct and compact, and contains the highest 
point in the whole range, called the ** Pinnacle," which name 
has been extended to ijover the whole series of hills. The al- 
titude of this summit is 749 feet, or about 240 feet above the 
surrounding plain. The third group may be regarded as in- 
cluding all the western part of the hill range, which is lower 
than the eastern part, much broader and less definite. This 
includes in succession, westwardly, the knolls east of South 
Goodman street; Highland park, between Goodman street and 
South avenue; the "Warner tract," lying between South and 
Mt. Hope avenues; Mt. Hope cemetery, lying west of Mt. Hope 
avenue; and the low point running into a bend of the Genesee 
river. The highest points in this area are the knoll on which 
is built the Memorial pavilion, near the reservoir, 650 feet, 
and summits in the cemetery, 650 to 670 feet. 



12 Tkt Am^ricam Geologist, J«li:w» 

Top<k;kapht. 

Th** tr9k%iiTfi\ pfirtion of the range conpists of a «*rie# of 
o^'erUpping ridge« or elongated mounds having their longer 
diam^tern parallel in general with the trend of the range. 
On! J at the ''Pinnacle" W the cro8»-*>eotiun a »ngle ridge, and 
thH part if Ix-tter defxeribed as an elongated, irregular mound. 
Th«' width of the l>elt at Cobb's hill is but little lew than one- 
half mile, and here the crests of the northern and southern 
•Mrrieh of ridges or mounds are about one-fourth mile apart. 
At South (jo<»dnian street the two series of ridges are one- 
eighth of u mile apart. The western third of the range, or 
the portion beyond South GofKiman street, is very different, 
b«*ing, instead of east-west ridges, a broader, irregular aggre- 
gation of mounds with a larger number of enclosed basins. 

The crest line is very irregular, nowhere level for any dis- 
tance, varying KM) to INO feet in bight between the groups of 
hillM. The northern slopes of the range are irregular, with 
Hj)urH and hillocks and deep ravines, and over the eastern half 
of the range are usually as steep as the material will rest, 25 
to *M) degrees. The southern slopes are more smooth and uni- 
form, coninuMily with gentle inclination to the southern plain 
into which they blend. 

The irregularity of the hills is great in both longitudinal 
and traiiHverHc sections. The onlj' feature of evident system 
is the linear arrangement of the series, taken as a whole. 

A striking feature which has not been sutliciently noted is 
the frccpient occurrence of **kettle holes'' and basins. A l>et- 
tcr c\am[>le of mound and basin topography might not be 
(IcMiri'd than is found in Mt. Hope cemetery. Beautiful ex- 
amples ol* krtth* holes are seen here; also in the Warner 
tract ; also east of South (Joodman street, and east of Cobb's 
hill. The only ponds or swamps are found east of South 
(Joodman street, wh<'re one pond occurs, lying at the base of 
the hills, and one larg<* oval bawin has been filled with peat to 
a depth of at least six feet. 

SrurcTruK and Composition. 

The njaterials composing these hills are so various and with 
sneh irrrgnhir arrang<'ment that a brief description is diffi- 
cult and i!uid(Mjuat<». A minor portion is true till, which forms 
a thick sheet over Cobb's hill and probably the very summit 
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of the Pinnacle. The flanking ridges and knobs along the 
north side are mostly till, and one till ridge is found with 
east and west direction upon the south side of the range at 
South avenue. Gravelly till is abundant along South avenue 
and in Highland park. Huge blocks of Niagara limestone 
abound upon the Pinnacle summit and in many other places, 
and occur in prodigious numbers in the till covering Cobb's 
hill, mostly angular, although many are heavilj' scored and 
striated. The till is probably sufficient in amount to consti- 
tute alone u distinct moraine. 

The greater mass of material is sand and gravel, of all 
sizes up to large cobbles, and of every admixture. The coarser 
material is not well assorted and the stratification is usually 
obscure, except in the mass and in a distant or general view. 
More than one-half of the coarser material is Medina sand- 
stone, which also constitutes the mass of the sand and gives 
a reddish color to even the finer sand and silt. 

In a broad way it may be said that the coarser materials 
prevail at the eastern end of the range and finer gravel and 
sand at the western end; but there are notable exceptions. 
The large pit in the heart of the north ridge near Brighton is 
mainly sand and silt. The great pit on the south side of the 
"Pinnacle," reaching almost to the very core of the hill and 
exposing a full 100 feet vertical section, is nearly all fine 
gravel. At South Goodman street the cutting for the grade, 
with the deep sewer tunnel below, shows fine sand and silt, 
with only thin leaves of fine gravel, to a depth of 72 feet. In 
Mt. Hope cemetery heavy gravel beds occur, while the low 
point near the river, cut by the railroad, is chiefly till with a 
jumbled mixture of sand and silt. It is the general rule that 
the coarser beds are upon the northern side of the hills, while 
the southern side is usually fine sand horizontally bedded and 
undisturbed. 

The dip of the beds is not westward nor lengthwise of the 
hill range, nor is it tLWuy from a median line, as would be the 
case if the range were an esker, but generall}'^ southward and 
east of south, or across the trend line. This southward dip is 
most pronounced in the gravels upon the north side of the 
hills. At the extreme east end, near Brighton, the gravel dips 
in several directions from the end of the ridge. In the huge 
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Pinnacle pit, 80 feet thicknesp of the lower gravel beds in the 
heart of the hill have a dip of 12°-15° to east or south of east. 
There are many local exceptions to the southward or east-of- 
south dip of the coarser beds, and some small sections show 
inclination in several and even opposite directions. Obviously 
a part of this local variation is due to disturbances by the ice 
thrust. Some of the diverse inclination may be due to origi- 
nal deposition in subaqueous cones by the changing torrents 
of water over an ice front subject to every possible variation. 
Where beds of fine sand and silt are steeply inclined the in- 
clination may be wholly attributed to ice thrust. 

At two localities upon the south side of the range, one up- 
on Goodman street and the other east of South Clinton street, 
distinctly bedded and alternating sands and gravel have a 
high dip to east of south. At the former pit the dip is 10®- 
14*^ to S. 15^-80° K. At the latter excavation the dip is 20'' 
to east, varying to south. These beds show no disturbance, 
but are filled with angular and glaciated stones of large size. 

Upon the north flank of the hills and even to the heart and 
summit, as shown at Monroe avenue and at South Clinton 
street, the beds have sulfered great disturbance. This is 
shown in the coarse gravel beds by the loss of all stratifica- 
tion, and in the fine gravel, sands and silts by their tumbled, 
tumultuous, disordered character. In all the pits there is 
much faulting. This is the chief kind of disturbance in the 
deeper parts of the hills, and in some sections it is truly sur- 
prising. 

The sand beds upon the south flank of the hills have an ap- 
proximately horizontal position and are without faulting or 
other disturbance. The structure of the beds indicates cur- 
rents sometimes westward, or parallel with the range, some- 
times west of south, or obliquely across the range, and some- 
times east of south, or more directly across the trend of the 
range. The large sand pit near Brighton shows current lam- 
ination in the fine sands and silts produced by flow of water 
varying from east to south. The heavy beds of fine sand 
south of Cobb's hill show currents S. 45^-00° W. The deep 
cut on Goodman street reveals a direction of current west of 
south. 

The structure of the hills would seem to be explained by 
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supposing them to have been built up from several centers of 
accumulation by shifting torrential streams pouring over a 
changing ice front. 

MoKAiKio Character and Relationship. 

The topography of the whole range is decidedly raorainic. 
Of this there can be no doubt. The origin of the range as a 
frontal moraine requires, however, its continuance both east 
and west, and the evidence of such continuation is abundantly 
at hand. Eastward from Brighton the ice front has left its 
marks in the form of boulder-fields and low ridges and mounds 
of till and sand, until intercepted by the deep excavation and 
drainage of Irondequoit bay. East of Irondequoit bay con- 
spicuous boulder-fields of huge Niagara blocks, piled in great 
masses, mark the further eastward extension of the ice front. 
West of the Genesee river for two miles the moraine is plainly 
continued in knolls and ridges of till, as noted by Mr. Uphara. 
The further extension of the moraine westward was first dis- 
covered by Mr. Frank Leverett, in 1893. He traced it as a 
low but distinct frontal moraine from near Albion and Brock- 
port southeastward to the Genesee river opposite Mount Hope 
cemetery. Relying, however, upon Mr. Upham's theory that 
the Pinnacle range was an esker, formed at right angles to 
the ice front, Mr. Leverett sought for the continuation of the 
moraine in a low, broad, indefinite ridge of till, running south- 
ward from Mt. Hope, which is probably drumlinoid. The 
distinct curvature of the Pinnacle range is now seen to be of 
great significance, as it forms part of the arc described by the 
front of the glacier lobe. The accompanying map (Plate III) 
fihows the moraine west of the Genesee river and its continu- 
ation in the same curvature as the kame series of the Pinnacle 
hills. As remarked above, the amount of till in the hills 
would probably be sufficient in itself to mark a distinct con- 
tinuation of the undoubted moraine. 

The glaciated surface of the Niagara limestone beneath 
Rochester is found to have over the main and older strife, 
with their direction of S. 40°-60°W., another lighter and later 
8triation, hardly more than a polishing, with direction per- 
pendicular to the arc of the moraine. West of the Genesee 
river the last ice movement was S. 6°-15°W., as shown in sev- 
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eral localities. East of the river exposures are rare, but the 
few found give a direction east of south for the latest striae. 

Conditions of Formation. 

The changes from fine to coarse material in a direction 
lengthwise of the range of hills are too abrupt, too complete, 
and too frequent for production by a single continuous river. 
Objections to such agency are also found in the irregularity 
of the topography ; the inclination of the strata; the direc- 
tion of current lamination ; the distribution of the materials 
according to size; and the extreme difference between the 
north and the south slopes. Every one of these features, 
along with the topography, the distribution of till, and the 
pushing of the northern sides of the hills, is entirely ex- 
plained by supposing the beds to have been accumulated at 
the front of the ice sheet by the drainage from the dissolving 
glacier. One other condition is necessary to account for the 
peculiar structure, and that is a body of deep water into 
which the materials were thrown. It was the recognition of 
this condition that gave the writer the key to the problem. 

At the time when the Ontario ice-lobe deployed over the 
Rochester plain, the eastern or Mohawk outlet of the glacial 
waters must have been still closed by the Adirondack ice- 
sheet. The waters of lake Warren laved the front of the 
Rochester glacier to a depth between 350 and 400 feet. The 
evidences of this deep water through western-central New 
York are abundant and conclusive. The discussion of this 
subject will form another paper. To the writer it seems clear 
tiiat the "Pinnacle hills'' are a true kame series, forming part 
of the frontal moraine of the water-laved glacier. 

Over the flat area south of the kame hills thick silts and 
brick clays lie above the till, which are the finest deposit car- 
ried out into the lake by the slackened currents of the glacial 
rivers. North of the range the silts lie thick in the depres- 
sions of the plain, as the waters of lake Warren doubtless 
buried the region for some time after the retreating ice-front 
had abandoned the locality. 

An objection to the morainic origin of the hills might be 
offered, that the accumulation of such a mass of assorted ma- 
terials along three miles of the ice-front seems inconsistent 
with the diverging flow of the glacial streams, and more ex- 
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plirable as the result of the concentration of the torrential 
waters in one channel. This objection may be answered by 
a discussion of the peculiar conditions, and a description of 
other kame areas of the region. 

The total amount of stream detritus in these hills may not 
be so great, comparatively, but it shows to full advantage be- 
cause it lies conspicuously upon a plain, instead of filling de- 
pressions in an uneven surface. 

The Pinnacle hills are only a small portion of the enormous 
amount of water detritus which the glacial drainage has left 
over the Genesee and Irondequoit region. The objection 
above not^d would apply to other deposits of even greater 
magnitude. In a recent journey through the Genesee valley 
professor Shaler noted the unusual and remarkable amount 
of water deposits, which even occur frequently upon the drum- 
linoids throughout Monroe county and adjacent territory. In 
explanation it should be noted that the strata outcropping 
north of Rochester are peculiarly adapted to supply the finer 
material. The Medina sandstone is over 1,000 feet thick and 
has been excavated to form the southern side of the basin of 
lake Ontario. It contributed by preglacial decay and glacial 
erosion the material for the sand and the greater proportion 
of the gravel and cobble of all the water deposits of this re- 
gion. The overlying Clinton shales and thin bedded lime- 
stones with shale partings, and the 80 feet of Niagara arena- 
ceous shale supplied the bulk of the silts. The Niagara lime- 
stone occurs in the drift chiefly as boulders. 

At the time of the formation of the Rochester moraine the 
Ontario glacier had probably become quite stagnant, and ab- 
lation of the surface had doubtless exposed the lower portion 
of the ice which was heavily charged with material from the 
Ontario excavation. The conditions thus favored the rapid 
accumulation of detritus, along certain portions of the ice 
front, by the heavy drainage from the rapidly dissolving ice. 

It is also suggested that the Warren waters had removed 
the thin edge of the ice sheet so rapidly by melting and flo- 
tation that little opportunity was given for local accumula- 
tion of any kind of glacial material over a belt several miles 
wide south of Rochester. When the balance between the ice- 
flow and the ice destruction was established for a short time 
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at the line of the Rochester moraine, the conditions were pe- 
culiarly favorable for dropping the detrital ice-burden rap- 
idly and in large amount. The areas immediately north and 
south of the Pinnacle hills are quite free from morainic accu- 
mulations, although covered by lake silts. The materials that 
under some conditions might have been scattered over a large 
area are here concentrated in a narrow belt. Three or four 
moderate streams at intervals of nearly one mile apart could 
have produced the Pinnacle hills in a comparatively short time. 
Perhaps such an interval was not too close for the drainage 
lines of this rapidly dissolving ice-front. 

Comparison with Neighboring Kame Areas. 

The Pinnacle hills are far fr(»m being the only kame-like 
deposits of the region, for over the relatively smooth plain of 
Monroe county several other accumulations of sand and gravel 
are conspicuous. At least two of these surpass the Pinnacle 
hills in amount of material. As these neighboring deposits 
have a bearing upon the subject under discussion they will be 
briefly described. 

(1). The ('hili Sand nnis, — Six miles southwest of Roch- 
ester occur some curious hills and knolls composed chiefly of 
fine sand. These knolls are partly indicated in the map. 
They are twenty to forty feet high, lying upon a foundation 
of till. Among themselves they have no order, but have in- 
dividually an east and west elongation. They lie in a north- 
east by southwest belt about one mile wide chiefly between 
the New York Central railroad (main line) and the Chili 
wagon road and reach northeast to the moraine, which is 
there partly of the same character. Two drumlins lie in the 
eastern edge of the sand belt partly covered with the sand, 
and another may form the base of the larger group of sand 
knolls. The higher of the sand knolls have an altitude of over 
620 feet. Upon the highest summits are numerous granitoid 
boulders, evidently ice-rafted. These hills have been studied 
by Mr. Frank Leverett. They appear to have been formed by 
the drainage from the glacier, with deposition in lake Warren. 
The east and west elongation may be regarded as indicating 
a morainic origin. 

(2). The Lincoln Park Kame Area. — Close to the western 
border of the city and north of the moraine is another area of 
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sand and gravel forming part of the moraine. As indicated 
upon the map, the northernmost mound of the area is a dis- 
tinct kame, over one-fourth of a mile long, lying in east and 
west direction, or parallel with the moraine, and consisting 
chiefly of fine gravel. It lies about one and one-half miles 
north of the moraine. Between this kame and the moraine 
and forming part of the latter are a series of low gravel and 
sand mounds, which make a connected series and grade in 
material from the gravel of the northern mound to fine sand 
at the moraine. 

(3). lied Creek Sand Knolls, — Lying one to three miles 
south of the western end of the Rochester kame-moraine is a 
series of scattered low mounds of fine sand. The southeastern 
corner of Genesee Valley park forms part of this sand area 
which is there exposed by the Lehigh Valley and the Erie 
railroads. Other somewhat conspicuous mounds, ten to 
twenty feet high, occur along the road leading to West Hen- 
rietta, and the farthest lie across and below the West Shore 
railroad west of Red Creek Junction. The map shows only 
the northern part of this area. 

(4). The Brighton Sand Knolls, — These are indicated upon 
the map. lying north and east of Brighton village, between 
the east end of the Pinnacle range and the Irondequoit exca- 
vation. These are a part of the eastward extension of the 
moraine, which from Brighton trends southeast, indicating 
the natural lobing of the ice-front in the deep excavation of 
the Irondequoit valley. 

(5). I'he Irondequoit Kame Area, — Extending from the 
head of the deeper part of the Irondequoit valley up the shal- 
lower valley, or southward, for ten miles, is a kame series of 
great proportions. It represents the drainage deposits from 
the Irondequoit lobe of the Ontario glacier, and probably far 
exceeds in quantity the Pinnacle hills. The northernmost hill 
is just reached by the map. The series extends east of south 
from Allen Creek past Pittsford, ten miles, to Victor. It has 
been described in the article by Dr. Dryer referred to in the 
introduction of this paper. 

(6). The Mendon Hills Kame Area, — The largest and most 
interesting of the kame-like sand and gravel deposits of the 
region are the Mendon hills in the southern part of Monroe 
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(MMinty, about ton miles from Km'hester, eiiRt of south. Next 
to tli«* ''Turk's hiir* muss of ilrumlinoid drift in the extreme 
»iMith«*n»«t (M>rnrr of th<MM>unty, the Mendon sand hills are the 
hiM[h«*Ht land in \\\v rounty, rising over 840 feet above sea 
lr\i>l. ThoHo hills have an irregular gnmping and cover an 
ai«»a of hi'arly four s^juan* miles. They ean be roughly de- 
»«*iIImmI as two sories of very irregular kames having a general 
dh«*«MitUi ««f S. ^t^^ >V.. and with a valley between containing. 
Ihi' pohdw rhost* art* the only |M>nds of note in the county. 
Tlir Ihlei mediate x.nlley is lower than the drunilinoid surface 
•ninoundin^ the two kame series. The northern pond is the 
lai||ii»t and hi^hest^ having a surface tSt feet above tide. 

I'hi' xahd hillv ther*^fon\ ri^- aK^e ilic marsh v valley quite 
two huioli^'d t«et. rhev art* txceetlingly varied in form.con- 
\%'i\\ \\\^\\\\\\\\\tK\\. hiKo^f^y. and «nclo$e basins and kettles. 

I Ih %'inup»>»»Hu^n i> a.>*» o»^mj>le\. Si-ing mainlv fine gravel and 
hi»hd \\\\\ \\\\\\ *.>mt i:.' The>»if hills s^^in to be i«tdated and 
to Ihin* i\»* »•» Ution ^^ jivx ni»>r»:Ti^ i"»r to anv line of drainage. 

I \u \ iii« ^ini<Mind«>i i'x V.<axv orift. distinctlv dnimlinoid in 

III, • t\nn'*, ;, !. x' ,x: K,v-r'«->ur. N Y.. ai* nefrftrded as 

pnM «»< •< lt»^»HH! »o,^;h :^, ' . •' :*< *. •■ m : IX reai»oii* : 

\ I lu 1 »!»,*•*» 's: '. N!.C' n , 1 : ^ :♦ *. ^rrM rr.rraiure, 

S \ \\^ , ,N .« : , N* ,■ o*.v;^ v. ^'" iT4ief-U.»'.l b*T t»f lDi»- 

\ \\ > s '.vv». v.n' \ , 1 .^* .'V ■. IV .*-!. f V, **kDi«l« axNi ba- 
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Warren, which laved the front of the glacier, is believed for 
the following reasons : 

1. The beds on the north side of the hills consist of coarse 
and poorly assorted materials. 

2. The beds upon the south sides of the hills are mostly 
fine sand. 

3. The coarse beds forming the north side of the hills have 
generally a decided east-of-south dip or inclination across the 
trend of the range. 

4. The fine sands upon the south flank of the range are hor- 
izontally bedded and are undisturbed. They must have been 
deposited in comparatively quiet water, and directly upon 
terra Jirma, 

5. The silt and sand, over 72 feet deep, constituting the 
middle ridge or heart of the South Goodman street section 
was deposited in a body of quiet water. The same is true of 
other sections, particularly in the large sand pit near Brigh- 
ton. 

6. In some exposures the fine oblique lamination of the sand 
beds indicates currents of the water southward, or east of 
s(»uth. 

7. Over the low plain southward are fine surface silts and 
workable clays, representing the ultimate product of assorting 
and deposition by water. 

8. Heavy boulders occur in the fine silts, especially south- 
west of Rochester, explainable only by flotation in ice. 



EDITORIAL COMMENT. 



The Feldspaks. 
As a mineralogical assemblage the feldspars have played a 
leading role in the laboratories of all mineralogists. They 
have been the basis of the most prolonged chemical research 
and of the most refined petrographic methods. They have 
been embraced differently in various classifications ; the mono- 
elinic and the trielinic, the orthoclastic and the plagioclastic, 
the acid and the basic, and the last again divided into acid 
and basic. The plagioclases have latterly been arranged, ac- 
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cording to views of T^chermak, in a series from albite to an- 
orthite, called the soda-lime feldspars, in which albite and 
anorthite stand at the extremes, the former representing the 
largest percentage of soda and the latter the largest of lime. 
All the intermediate feldspars are, by this classification, con- 
sidered variable and indeterminable mixtures of albite and 
anorthite. These would include oligoclase, andesine, labra- 
dorite and bytownite, but it excludes microcline which is also 
a triclinic feldspar nearly approaching orthoclase crystalli- 
graphically, and identical with it, according to Michel-I-«evy, 
only differing from it in having evident both albite and 
pericline twinning. 

This theoretical chemical arrangement into a graduated 
series has become very ])opular as, after its adoption by Ros- 
enbusch, it found its way into most German and English 
works on mineralogy, and is also generally taught in Ameri- 
can schools of petrography. It is probable, however, that, 
while for its convenience it will serve as a useful grouping of 
a lot of facts unkn(»wn, it is still destined to be superseded 
in its ordinary interpretation by more exact knowledge. 
There is a certain plausibility also which is apparent in its 
main idea. Nothing is more common than a minute interca- 
lation of two kinds of feldspars. Albite and orthoclase are 
characteristically thus closely intergrown, as in perthite. All 
twinning, even of the plagioclases. seems to be based on 
minute molecular variations which are, as yet, unascertaina- 
ble, but which still probably have their chemical as well as 
their physical manifestations, and could be presumed to have 
resulted in such chemical variations as the law of Tschermak 
requires. 

Notwithstanding the popular approval of what may be des- 
ignated the German school of petrographers on this subject, 
the nice microscopic researches of Messrs. Fouque, Michel- 
Levy and La Croix, in calling attention to constant physical 
differences between the feldspars of this series have gone di- 
rectly against the idea of their being made up by variable 
mixtures of chemical units, and have demonstrated the valid- 
ity and the constancy of the various species. Microscopic 
research cannot be said to have yet reached the point where 
it traces the chemical atom from place to place and detects its 
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physical relations to surrounding atoms, but it is in the di- 
rection of this preciseness that these researches tend. The 
chemical method of distinguishing between these feldspars, 
which is the ultimate theoretical basis of the law of Tscher- 
mak, encounters the indefiniteness of chemical solutions, and 
the variations of chemical balances. It depends largely on 
the determination of chemical quantities when they are in 
unknown amounts and set free from their normal affinities. 
The exigences of evaporation, unequal heating at critical 
readings, loss by contact with the apparatus and with the re- 
agents^ — these impose on all chemical determinations certain 
limitations which render it impossible in this way to enter 
into the minutest mineralogical distinctions, and which puts 
before the law of Tschermak a priori an obstacle which 
seems to render it fundamentally unsatisfactory to the human 
mind. Physical methods, however, have only to do with fixed 
quantities, with solids which manifest always the same phys- 
ical characters, and if the refinement of the appliances be 
sufficiently nice, they are the best adapted for the examina- 
tion of the differences that exist between the feldspars. A 
feldspar is a solid. On solution it is no longer a feldspar. 
On fusion it may contain the same chemical elements but it 
cannot be called a feldspar. A feldspar possesses definite ex- 
ternal form and crystalline interior. Its proper examination 
should, therefore, be physical and its specification should be 
dependent on the characters that crystalline solids exhibit. 

Now the physical examination of the plagioclases has been 
greatly advanced by the researches of Michel-Levy. American 
students are hardly aware of the state of progress to which 
this art-science has been carried. Michel-Levy has tabulated 
the properties of the plagioclases as derived from an exami- 
nation of thin sections cut parallel to the bases of the crystals 
and also in those cut parallel to their brachypinacoids. While 
much of this was known before, the full classification and ex- 
pression of the differences is due to the optical and mathe- 
matical skill of Michel-Levy. These tables are to be seen in 
JEtnde sur la determination des feldspaths dans les plaqnes 
wince au point de vue dela classijication des roches^ published 
at Paris in 1894. These tables consist of circular plates rep- 
reseating the stereographic projection of the crystal and its 
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properties on a plane. Within these plates are expressed 
graphically the figures of maximum extinction and the direc- 
tions of their variations from pole to pole, also the curves of 
double refraction, their relations to the different axes of elas- 
ticity and the ditferences which the plagioclasesof the albite- 
anorthite series manifest. These tables are accompanied by 
a descriptive text and a full discussion of the methods. 

M. Fouque has recently added another chapter to the phys- 
ical examination of the feldspars. It is a publication of the 
Socit'te Fraui^ahe de ^f^ner(tlo^/fe (Tome xvii, Nos. 7 and 8, 
1894) and differs from that of Levy principally in the choice 
of different planes within the crystal, from which to draw 
optical properties. Whereas Levy employed the sections par- 
allel to the base and the brachypinacoid, Fouque has cut 
the crystal in planes perpendicular to its bisectrices. He thus 
avoids some of the difficulties inherent in the observation of 
the maximum extinction on cleavages in the base and brachy- 
pinacoid, although he encounters others which are, perhaps, 
at present ecjually formidable to the ordinary student viz., the 
discovery of the plane of the optic axes and the cutting of 
the crystal perpendicular to the bisectrix. But the chief ad- 
vantage of the method of Fouque seems to lie in its avoidance 
of the actual observance of the maximum extinction of light. 
The eye is not sensible of small changes in the amount of 
light. There is need of making many readings and of taking 
the average of these to warrant the observer in affirming the 
angle of greatest extinction. In place of a difference in light, 
Fouque substitutes a difference in form, which centers in the 
interference figure. When this figure is perfect it can easily 
be observed. When the hyperbolas are farthest removed from 
a cross in the field of the microscope the optic plane is at the 
angle of greatest extinction which can be read from the rim 
of the stage in the same manner as that obtained by maxi- 
mum extinction of light. 

There remain, of course, other directions in which crystals 
can be cut and examined, viz., those perpendicular to the op- 
tic axes, in which, as M. Fouque remarks, there are numerous 
properties of the various feldspars yet to be worked out. 
When these, and other microscopic physical properties by 
which the feldspars are presumably marked, are discovered 
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and described, the masks which now obscure them and which 
make them appear similar will be removed, and each one will 
be recognized and easily dietinguised from the rest. 

At the present stage of this investigation M. Fouque has 
felt warranted in referring to the law of Tsehermak, calling 
attention to its crudity and to the frailty of its foundation. 

After acknowledging the beauty and simplicity of the law 
of Tsehermak, and its undeniable utility in many min- 
eralogical determinations, he remarks that it encounters two 
objections of equal gravity. These may be given in a free 
translation from his late contribution : 

First. thi»n, if all the lime-socla feldspars result from a simple associ- 
ation of albite arid aiiorthite, why is it that one of the parties to this 
association, albite, never shows itself individualized amon^ the crystals 
of volcanic rocks, while the other, anorthite, is very fre(piently so seen, 
and in a state little short of actual purity. In the zoned individuals, 
coiniK>sed of different triclinic feldspars, anorthite figures often as an 
element that is distinguishable with the microsco[x\ albite never. Here, 
then, is a mineral which is found in very distinct individuals almost 
exclusively in stratified or metamorphic regions, which almost never 
app(*ars in a crystalline determinable form in volcanic rocks, but which 
nevertheless, in consequence of its association with anorthite, should be 
of extreme frequence. 

That which gives special force to this objection is the fact that, ac- 
cording to the theory of Tsehermak, the complex feldspars are not 
definite chemical com[K)unds, but simple mixtures of those two ele- 
ments, viz., the albiteand the anorthite molecules, framed in the same 
crystallographic mould. Each element, in whatever state of division it 
may be sup|)ose<l to exist, enjoys its proper individuality. In order that 
it may enter into the supiK)sed association it is necessary, in the first 
instance, to admit that its physical molecule has acquired its individual 
constitution and even that it already possesses a crystalline structure 
conformable to that of the mineral. In other words, the formation of 
a complex feldspar implies the crystallization of albite, if not before, at 
least c<mcomitantly with the other elements and that, loo, under condi- 
tions eminently unfavorable, and actually in a manner which is opi)osed 
by all that nature teaches of the formation of albite in regions that have 
been studied. 

It is true that albite figures largely in the state of individualized crys- 
tals in the potash-so<la series, but it is in veins of later date than the 
formation of the potash feldspar, and its formation can be assigned to 
its normal manner of production, in secondary genesis rather than to 
crystallization from fusion. And, as to the rockswhich contain micro- 
liles of albite, recently discovered and studied by Michel-Levy, it is in 
a pre-Tertiary rock much changed, and the albite may have been the 
result of such change. 
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The crystallizatinii n{ this mint-ml fnun a fused mass is cerUiiily not 
imiMiKsiblc. Th(* i^Mn «»f M. Haiitfr^ruili*- sufficiently show that, but it is 
Hi li'Jist vtTV difficult. Thr |iruducti(»ii «»f albito, tht^-n'foiv, is scarcely 
probable in lliese-cumlilions. *-\'*'\\ when thf £fiit*ratinir magma possesses, 
either t)riginail\ or after various lii|ualions or crystallizations, a com- 
|)osition which is neanT that of albite than of anorthite. 

Hut the objection just preM-nted, althous;h very strting. does not CtHi- 
stitute. however, an ar«;ument which cannot be auswennl. It may be 
said, indeed, that the formati«>n of a crystalline molecule of anorthite 
may exert a decisive inHuence u|H>n the formation of a molecule of al- 
bite, and that that which is m»t i»ossible in the absence c»f a basic ele- 
ment takes place easily in its presence. es|iecially at the moment when 
its atoms are the Seat of intense movement. In chemistry such cases 
are common. A bodv which n*fus«»s to crvslallize when it is alone, for 
want i>f a solvent, ofl«*n crvslallizes readilv under the action of a neijrh- 
bor of similar constitution, or even, sometimes, of unlike constitution. 
Ill this case anorthite would play a role t>f this kind, and would be the 
element which would determine the crystallization of albite. 

The objection, therefore, leads to contrt»versy. I^et it be set aside, 
and let tin* discussion Im» confined to the decisive fact which appears to 
demand an interpretation of the law of Tschermak ditfen»nt fn)m that 
which is fr«'nerally aidopted. 

This fact is the fretpient observation i»f certain of the tyi)es of feld- 
spar which are intermediate between albite and anorthite, and the rar- 
ity of certain others. The studies that 1 have set forth in previous 
{Kirtions of this work ap|N'ar to me to leave not the least doubt on this 
fact, howi'ver inexplicable under the hyixithesis of an ass4)ciation or 
physical mixtun* of albiti* and anorthite. 

The serial discontinuity, indicated in the group of the lime-soda 
feldspars, is still more evident in the potash-soda feldspars* without 
siM*aking of certain anomalies (x^culiar to this last group. In order to 
a'*count for this fac* it apix»ars tome necessary to admit that between 
albite and anorthite there exists a certain number of intermediate feld- 
spars with a definite comiH)sition, forming by themselves a natural fam 
ily, a series that may be compared to similar series so well established 
in organic chemistry. In the series to which I allude, the extn»me 
terms being known, the properties of the intermediate compounds are 
exactly determined. It may be supiK>sed that the same can occur in 
the inorganic Wi)rld. Such a hypothesis, at least, offers nothing contra- 
ry to ordinary scientific principles. 

If this is admitted it leads to the same practical conclusions as the 
thei>ry of Tschermak. It furnishes th<' same facts as to the composi- 
tion and as to the physical proiwrties of the intermediate feldspars, and, 
further, it has the advantage of explaining a mineralogical ijcculiarity 
as to which the theory of Tschermak is silent. 

The intermediate rel(lsj)ars having a dt'finite comi)osition, here n»- 
ferred to, are susceptible of physical as.sociation and the formation of 
com|N)und crystalline bodies, but it should be noted that this is not a 
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purt*ly hyixHhetical mixturo, such asconslitutes the basis of Tscher- 
mak's thtH>ry. These associations are visible under the microscope, 
sometimes even to the naked eye. Chemical tests show them, as well 
as s«.*|>aration by heavy liquids, infill favorable conditions. It is a mat- 
t«»rof real phenomena and not a conception of the imagination. Thi^ 
zoned crystals are exceedingly common, buta multitude of observations 
have shown their inteji^ral comiwnents. 

The idea of these mineralogical types is not new. Mineralogists of 
the first half of our century mad<; labradorite, olijroclase and andesine 
distinct s[)ecies. Later M. Des Cloiseaux recognized in the oligoclase 
gnnip separate tyjies with well-marked characters. 

H<»w does it happen that, instead of trying to sei>arale and define 
thi'se ty[)es and to establish their individuality, mmlern science has pre- 
f»*rred, on the contrary, to make them disappear, and even to deny 
th<*ir actualitv? ****** 

Mr. Fouqu^ concludes as follows: 

1. Then* are feldspathic tyix'S. of definite comi)osition, intermediate 
b<*tween albite and anorthite. 

2. These feldspars are capable of uniting together in physical associ- 
ation. 

3. Sev«*ral of them are visible generally in the same rock, sometimes, 
in Iarg<* crystals and sc»metimes in the form of microlitcs, but nearly al- 
ways with the preponderance of one of them at each consolidation. 

4. Most frequently the order of acidity is in inverse order of their 
formation, and the glassy material which const itules the residue afler 
crystallization is more siliceous than th<» most acid of the feldspars. 

The.se aphorisms, which were announced by me some years ago, after 
the study of rocks uiM)n a limited district and with limited means t>f 
investigation, are to-day supixirted by the results of study ov«»r a large 
field, and with the aid of the [MTf^'Ct methods intnKluced during the 
last fifteen years of the science. 

The last contribution to this research is b}'^ Michel-Lev j. 
in a communication read before the Socicfe Fra)i^(tisc fie 
yfineraloffie.* It is based on the spherical projections and 
figures of extinction which he had before deduced for the 
plagioclases {^Ktmles sur la determination des fcldttpaths). By 
means of these he constructs a general plan showing the spher- 
ical projections of simultaneous extinctions of the parts of 
compound mineral bodies, like the plagioclases, and their re- 
lations to the spherical traces of the optic axes of the com- 
pound mineral. ETach of the points of these curves where the 
ellipses of the components have their axes crossed corresponds 

*Kecherche des axes optiques dans un mineral [Kiuvant ctre consider6 
comme un melange de deux mineraux determines. Application aux 
plagioclases et k la verification de la loi de Tschermak. \A March, 1895. 
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Ut i^n optir axi« of the ronp^^uod minenil. A«f^miBg that 
the liiw of T«rheraiJik i« true, it i» found that the general 
priofriple deduced hold# true in it« application to the special 
caM-^ l>etfreen ande^^ine and anorthite. Between albite and 
andetfine it i« not ptf^'M*^ to «aT a^ much. It appears that 
in the %'icinitv of oligficlaiie M>mething produces such devia- 
tionif that no concluf^ionf^ can be drawn. Sri far as it gr»es 
thin «howH a fruhMtantial confirmation, bj the methods of op- 
UfK of the formulip deduced theoretically for the composition 
of i^ime of the plagi^K-la^es, but it is dependent on the as- 
Kumption that the feldspars considered are of definite compo- 
Mition* and represent ascertainable and fixed conditions in 
their physical structure. 

The studies of b^ith Fouque and Michel-Levy tend, not so 
much t'l the denial of the law of Tschermak, as to its defini- 
tirin, and to the correction of the iMipular interpretation of it. 
At the same time thev tend to establish definite characters, at 
least physical characters, for several new intermediate feld- 
spars, and thus to eliminate the prevalent idea of vagueness 
and uncertainty which the law of Tschermak has propagated 
respecting those before known. If their chemical characters 
f'ould be established with equal refinement there is great 
probability that the two methods would corroborate each 
other, but the mechanical separation of two or more of them 
when they are closely intergr(»wn, which is almost always 
their natural condition, so that reliable chemical examination 
can be made, is as yet a very difficult and almost impossible 
task. K. H. w. 
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fhn Dittf/mof/niptuM, '/Vtrnf/niptUM orh Vh}illograptun. Af GERHARD 
lIoi.M. ((JiM»l. FoHMi. i Slockholm l'Y)rhandl.. Hd. 17, Hftftea, Sid. 319- 
3511, TuM. 11-Ht, 189").) Dr. Holm has continued his studies on crapt^- 
liti'M pn'MTvrd in linn'stono, which h«* bcfran a docadf ago, in describ- 
ing thr inMinate Rlructun'of a Ciirfnirof/raptuM Ain\ a Retioliteg. Th«» 
rliitinoiLs pariK of lln'se organisms were freed by means of acid and 
their special structure clearly revealed. 
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In the three genera first above named he finds thrca* to have been 
formed earlier than has been supposed. The distal part of what has 
b*M*n considered the sicula is the first iheca. Succeeding this he dis- 
tinguishes two, following each other, the sinUtral and the dextrnl thecn; 
these, with the one on the sicula, comprise the primordial thecip, which 
form the foundation of the polyparies of these g«'nera. He discards the 
term funacle as unnecessary, there being no barren part to the polypary. 
He states also that he has not discovered a vergulain the l>ichograptid(r. 

The essay contains notes on the genus Didiimoyraptus, with special 
reference to D. gibberulus Nich. The proximal part of TetragraptuH 
6i/7*^yt Nich., and PhylloyraptuH arKjUHlifoUm Hall, are also fully de- 
scribed in this article. The article is illustrated with six well finished 
plates and several wood-cuts, and is an important one for students of 
the Rabdopora. o. f. m. 

Dc VexiHtence de nombreux dibriit de Spongiairt^s dam* le J^^cambrien de 
Bretagne. Par L. Caykux. (Ex.de la Socieie du Nord, T. xxiii, p. 52, 
'^ Avril, 1895.) The author illustrates this contribution to this ancient 
fauna with two plates. On these plates are figures of forms referred to 
Monaxes, Tetractinellidap, Lithistidie and Hexaclinellidae. These re- 
mains are found in the same rocks as the Foraminifera and Radiolaria 
already announced by M. Cayeux and noted in recent pages of the 
(lEOLOoisT. The evidence of the fossiliferous nature of these rocks 
seems to be abundantly satisfactory. The only remaining doubtful ele- 
ment in the discussion is that of the age of the rocks themselves, on 
which there is not yet .sufTlcient knowledge. In M. Cayeux's other paper 
he stated that his impression was that these rocks belong in the Ameri- 
can "Algonkian," but that is to take them not only from the Cambrian 
but als.o from the Archean, and to put them into an uncertain limbo in 
which are found all unstudied rocks at about that horizon, and in which 
the sponsors for that term have included some rocks certainly Cambrian 
and others that may be Cambrian, as well ais some that are probably 
Archean. In other words, in the absence of a known lower limit for 
Cambrian, and in the presence of similar organisms reported in .several 
places in America from the Taconic (Lower Cambrian), taken with the 
author's idea that they are of "Algonkian" age, there remains much 
reason to hesitate to accept these fossil forms as Archean, or even as 
'*pre-Cambrian." The nature of the rocks themselves, a silicMU/t ulate 
intercallated with an e norm on 8 formation of black alatea^ which occupy a 
wide extent of territory in that part of Bretagne, presents an anomalous 
I)etrographic a.ssemblage to be placed in the Archean. n. h. w. 

Tertiary UhynchopJioroiui Cole4tptera of the United States. By Samuel 
Hubbard Scudder. (Monograph xxi, U. S. Geol. Survey, 18J)3. Pages 
xi, 20G; with 12 plates. Price, 90 cents.) Four localities in Colorado 
and Wyoming have supplied 191 species of beaked beetles which are 
described in this work, 116 being from Florissant, all distinct from any 
found in the other places, and 75 from the Roan mountains and the 
White and Green rivers. A considerable number of spf'cies occur in 
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two '#r in %\\ thr»^ of th^ \x%i nam*^ lti<ralin><(. and ih<^ir f«ik.Ml invTt.^ 
»!*• gr*fui0-^ Urg*-lh^r and nam^-'l ih** <f**siiji»- fauna. B«»lh th** Flori»ant 
and ^>*AhiUr ^*^i<i hav** b*-»-n r^sranl*^! as <>li^ric*-n#*: but th«*ir iinlikr> 
faijna<i fthow that Ih^y diff^-r 4«^>ni*-what in a?r>, althousrh it cannot yet 
b*- d^-cid*^! whirh i^ th** old^r. 

From th»* Kurf^iifan T^-riiary strata ijnly 141 sfKrci^-s of this irruup 
ha*'*- h^^-n diftcov^-rc-d. Nin** oth«'rs art* known in thf Eurofw^an Pleisto- 
cfuf', whil»r our contin<*nt has thus far only on»* Pl^-istticpne sfiecies, this 
\9*'\ni[ from th«r int^ridacial b^-ds of Scarbr>n». Ontario. Anothf^r speci»*s 
i<t diHTovfrt'd by Mr. J. B. Tyrr**!! in th#r (.'n*tareous Fort Pierre shales 
on the AAHini^K»ine river, makin;;: a total of 1!>3 known fossil American 
Khyncho|ihorH. These all arf sfiecifically distinct frv»m any found fos- 
sil in KurofN*. and frf>m all known living? s|j«*cies. 

Notwithstan<liii(f the universal chanp' in S|i**cies fmm the Tertiary 
lo the pres«*nt time, the author affirms that ••lh«*re has b«»en but little 
im|M»rtAnt change in \he insect fauna of the world since the beg'inninfr 
of the Tertiary e|K>ch. In the earlier Tertiaries wi- not only fMissess in 
profusion r«'presenlalives of vvt^ry one of the onlers of insects, but every 
dominatinir family ty|)e which exists to-<lay has b«*en ri'cojrnized in the 
rocks: even many of the families which have now but a meajrer repre- 
sentation have also b^'en discovered, and thou«;h many extinct f^noTA 
have been reco;rnized, no hijrher >rrou|»s. with a single exception or two, 
have l>«*en founded \\\Hm extinct forms." w. c. 

A Manual of Topographir MetfunlM. By Hknuy (i ax nktt, Chi«'f Topog- 
rapher. M<»no^niph xxri, V . S. Cieol. Survey, 1803. Paces xlv, 300; 
with 30 mHllK^miitical tables, 18 plates, and 14 fijrures in the text. Price, 
$1.00.) The first 130 pa^es contain a description of the to|M><i^raphic 
work, instrumenls and methcKls used bv thi' \\ S. (ieolo<;ical Survev in 
its task of prei)arinjr a toiK)graphic map of the United Stales. The first 
cha|)(er very c<»ncis«'ly notices the sev«*ral government and stale surveys 
by which iMirtions of the country have been j>reviously mapi)ed, and 
the general plan of the present work. Th«' s<»cond chapter tn»ats of as- 
tronomic determinations of |H)sition: Ihe third, of the primary trian^u- 
lation: the fourth, of the secondary triangulution, traverse work, baro- 
metric determination of lii^hts, etc.: the fifth, of the field sketchlnjr, 
with ft detailed review of the geolojric a«jencies jrivinjj orijrin to topo- 
graphical features, as uplifts, volcanism, sedim«'ntation, stn^am, wave 
and Nubar^rial erosion, (glacial deposition and erosion, and wind action: 
an<l the sixth and final chapter relates to the office work of drafting. 
Streams, lakes, marshes, and the sea. are drafted and i»rinled In blue; 
the culture delineations and letterinjur are in black; and the contours in 
brown (burnt sienna). 

The second half of the volume Is a series of tables used in the reduc- 
tion of astronomic observations for position, of triangulation, of bight 
measurem«MUs. and other oixTations connected with the making of 
to|M»graphlo maps. This work was primarily intended for the informa- 
tion of the men engaged on the national survey; but it has been found 



Review of Recent Geological Literature. 61 

also very serviceable by other surveyors and en^iinecrs and by toHcliprs 
in technical schools. w. u. 

ReronnouMnee map of t/ie United State/t. showing the distribution of the 
Gfitbtgie Systems, so far as knoitn. Compiled from data in the possession 
of the r. S. Geological Survey, by W J McGee, 1893. This set of twelve 
maps, which are classed tofjether as plate II of the forthcoming Four- 
teenth Annual Rejxirt of this survey (for 1892-'93), is issued in advance 
of that report. The scale is about 110 miles to an inch, beinjc Ihr same 
with ihat of the geologic map compiled by Prof. C H. Hitchcock about 
ten years ago. Professor Hitchcock's map has geologic coloring extended 
provisionally over the entire United States, and across the. border of Can- 
ada tolhelimitof the sheet; but the present mapomils coloring from Can- 
ada, and from areas where the exact boundaries of the formations have 
not yet been traced. Thus a large region of western Montana, Idaho, 
Oregon, and southern Washington, comprising the great volcanic area 
crassed by the Snake and Columbia rivers, remain uncolored on Mr. 
McGee's map. 

Another and more regrettable departure from the earlier map is the 
omission of the Cretaceous color from a large tract of eastern North 
and South Dakota, giving to it only the designation of glacial drift. 
This tract was rightly called Cn*taceous by Hitchcock: and th«' sanio 
Cn'taceous formations, according to Prof. N. H. Winchell in the front- 
isf»iece map of the (Jeology of Minnesota, Vol. iir. Part i, alsoennlinue 
eastward, beneath the drift, upon the western half of that slate. In 
this opinion the present reviewer ct)nt1dently accords, and would also 
include the northwestern quarter of Iowa in the eastern extensi<»n of 
the Cretaceous area. 

Besides the comprehensive geologic maj), with its contour lines, this 
s*»ries comprises an uncolored map with only contours, and ten other 
maps showing resiM'ctively the areas of (I) the Pleistocene ice and water 
rlejH)sits, these alone being colored: (2) Neocene juid Eocene formations: 
(IJ) the ^'retaceous; (4) the .lura-Trias; (o) the Carboniferous: ((I) the 
JK'vonian; (7) the Silurian; (8) the Cambrian; (9) the Algonkian and 
.Vrchean: and (10) igneous rocks. The Pleistocene formations are dis- 
pLiyod by overprinted dots. The .scheme of colors is very tast«'ful, with 
mostly lighter tints than on Prof. Hitchcock's map. 

.\ further improvement, very helpful for convenient reference and 
study, is the more frequent insertion of names of cities, towns, rivers, 
lakes, bays, cajM^s, etc. Among these thi? name of laki' Itasca is 
wrongly s|H»lled, with k; its derivation being from the Latin words 
rf>ri(as iiUil caput, by Procrustean elision of the initial and final syllables. 

w. r. 

fntertot'Mni^il Till near Sif}ur Cift/, foini. By .1, K. Toon and H. Fostf:r 
Haix. (Proceedings of the Iowa Academy of Sciences, vol. ii, 189.5 pp. 
2t>-2ti.) At the hight of about 150 feet above the Big Sioux and Missouri 
rivers, a deposit of typical boulder-clay or till, having an obs»»rved max- 
imum thickness of six feet, is underlain and overlain by ordinary loess. 
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Th*- int<'rcaUt«*d till is mftny f^rrt abo\'<^ any <»th4^r known pUcial drift 
in !h«' vicinity. It \s n-f^-rr-d to dtf^ivtsitiun frum a mass of floating ict* 
Ud«'n with debris fmm th*? adjacent !C»rH*hr^t. Th»- origin of the drift 
ir»'n«*rally in ih*' surnjiinding rpgion to th*- s^mth of the Altamont or 
ftxiXftrnttsi moraim*. which li«'S at a distanc*^ of 2U to 30 miles north of 
Sioux Citv. is siip|ioM'd by the authors to have been likewise from fk)at- 
ing bergh and fl<j<*s. The extramorainic till there "is thin and |)atchy, 
b«'ing uKiially not over fifteen feet in thickness. That the region has 
not b^-en covi-red bv the heavv land ice would seem to be indicated, not 
only by this, but also by tli«- general pres«»nce of beds of fine sand and 
rlay under the drift, and showing no signs of disturbance." w. r. 

l^egUiHtil Elrrntwn of lotra. By By H. Fo«»tkr B.%ni. (Proc. Iowa 
Acad, of Sci#*nc«*s» vol. ii, pp. 23-26.) Numerous deep, drift-filled val- 
l#*ys. cut IW t<i 300 fret below the general surface of the bed-rocks, are 
described as found by well borings throughout Iowa, and their erosion 
is go<xl evidence of a long pr(*glHcial period of considerable elevation. 
It remains undetermined, however, whether this valley erosion look 
place. chi»»t!y during the great Tertiary cycle at base leveling, or during 
the h'HS f»rolonged early Pleistocene |>eriod of renewed uplifting and 
stream channeling which immediately pn»ceded the Ice age. w. u. 

A lUhUogrnphy of North Ant^rican PaleontitU*gy, 18SS-1S92. By Cii.\RLRS 
ItOLLiN Kkyek. (V. S. Geological Survey, Bull. No. 121, 251 pp., 1894.) 
This work embraces: (1) An author's list, in which is given the full 
title, volume, etc. Kach title is followed by a brief synopsis of the 
pHiMT, ail enumeration of the new genera and species described, and a 
list of forms already known, which are described and figured anew. 
(2) A title index. (3) Subject entries and cross references. Under 
lh«' last hi'atl each article is included under ils appropriate biological, 
gfological and geographical divisitins. 

The present bibliography is thus seen (o be much more complete than 
mr>st works of a similar nature. In addition to being an index and 
ralalogu*', it is really a cond«'nsed review of all literature [K'rtaining to 
paleontology published during the peri<Ml from 1888 to 1892. It is thus 
of great aid to those who do not have access to a comi)lete library. The 
amount of work required to i)rmluce such a bibliography as the above 
must hav(? been very considerable, but its usefulness to the paleontolo- 
gist and to the general geologist will fully ct>miH*nsate for the labor be- 
stowed uiH)n it. u. 8. G. 



RECENT PUBLICATIONS. 



T. (Horernmenf and State Reports. 

(Jeol. Survey of (Ja., Hull. 2. A preliminary rejwrt on the corundum 
deposits of (leorgia, K. P. King. 133 pp.. pis., I map, 1894. 

N. Y. Stale Museum, ITth Ann. Kept, for 1893; 1137 pp., numerous 
plates and sections, 1894. Ofiicial re{>orts; The Livonia salt shaft, its 
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history and geological relations, James Hall; Report on the geology of 
the Livonia salt shaft, D. D. Luther: The succession of fossil faunas in 
the section of the Livonia salt shaft, .1. M. Clarke; New or rare siMJcies 
of fossil from the horizons of the Livonia salt shaft, J. M. Clarke; Re- 
|)ort on the Heklerberg limestones, N. H. Darton; Rei)ort on the geology 
of Albany county, N. H. Darton; The economic geology of Albany coun- 
ty, F. L. Nason; Report on the geology of Ulster county, N. H. Darton; 
Economic geology of Ulster county, F. L. Nason; Geology of the Mo- 
hawk valley, N. H. Darton: Report on the geology of Essex county, J. 
F. Kemp: Report on the geology of Clinton county, H. P. Cushing; Re- 
|H)rt on the geology of four townships in St. Lawrence and Jefferson 
counties, C. H. Smyth, Jr.: ReiK)rt on the geology of Cattaraugus and 
Chautauqua counties, F. A. Randall; rejwrt on field-work in Chenango 
county, J. M. Clarke; Publications relating to the geology and paleon- 
tology of the state of New York, 1876-1S93, J. M. Clarke; Platycnemic 
man in New York, W. H. Sherzer; Discussion of the genera of Fenes- 
tellidse, G. H. Simpson; Glossary of names of Bryozoa and corals, G. B. 
Simpson; Handbook of the Brachioix)da, H, James Hall, assisted by J. 
M. Clarke. 

Iowa Geol. Survey. Administrative reports, vol. iv, pp. 17-33, 1895. 

Geol. Survey of N. .1., vol. 3 of the Final Report. Report on water- 
supply, water-jxiwer, the How of streams and attendant phenomena, C. 
C. Vermeule. xvi and 448 pp., plates and maps, 1804. 

U. S. Geol. Survey, Bull. 121. A bibliography of North American 
paleontology. 1888-1892, C. R. Keyes. 251 pp., 1894. 

//. Proceedings of Scientific Societies. 

Proc. Calif. Acad. Sci., sec. ser., vol. iv, pt. 1, April, 1895: On a new 
trilobite from Arkansas Lower Coal Measures, A. W. Vogd«'S. 

Bull. Geol Soc. Amor., vol. vi, pp. 423-528, April. 1895: Proceedings 
of the seventh annual meeting, held at Baltimore, Dec. 27-29. 1894, H. 
L. Fairchild; Memorial of George Huntington Williams, \V. B. Clark; 
Memorial of Amos Bowman, H. M. Ami; High-level gravels in New 
Kngland [abstract], C. H. Hitchcock: Variations of glaciers [abstract], 
H. F. Reid: Lake Newberry the probable succes.sor of lake Warren [ab- 
slraclj, H. L. Fairchild: Notes on the glaciation of Newfoundland [ab- 
stract], T. C. Chamberlin; Crystallized slags from copper smelting 
[abstract]. A.C. Lane: the granites of Pikes Peak, Colorado, E. B. Mat- 
thews: Illustrations of peculiar mineral transformations, B.K. Emerson; 
Spherulitic volcanics at North Haven, Maine. W. S. Bayley: A new in- 
trusive rock near Syracuse, N. H. Darton and J. F. Kemp: Cretaceous 
Uep;)sits of the northern half of the Atlantic Coastal i)lain, W. B. Clark: 
Surface formations of southern New Jersev, R. I). Salisburv. 

Proc. Colo. Sci. Soc,, vol. iv. Artesian wells of Denver, P. H. van 
Diest: Remarks on the classification of Huerfano Eocene, R. C. Hills; 
T}|ies of past eruptions of the Rocky mountains, R. C. Hills; Informal 
note on twin crystals of s«'lenite, R. C. Hills; Notes on the discovery of 
Radioliles austinensis Roemer (?), G. L. Cannon, Jr.: The ore de|>osits 
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of Nowmun hill, .1. H. Farish; Notes on MontHiia sapphires, A. S. 
Dwight; The |)ost-Larnmie beds of Middle Park, Colo., AVhitman Cross; 
Notes on Ihe jreolojry of Palmer Lake, Colo., and the Palseo/oic expasures 
aloDj]^ the Front ran jre, (J. L. Cannon, Jr.; The jreology of Denver and 
vicinity. CJ. L. Cannon, Jr.; On a series of p<»culiar schists near Salida, 
(.'olo., Whitman Cross; Informal notes on slao: crystals, A. Raht; Certain 
dissimilar occurrences of ^old-bearinjj quartz, T. A. Rickard; Evidence 
bearing on the formation of ore deiK)sits by lateral secretion, P. H. van 
Diest; Eruptive dikes near Manchester. Mass, Richard Pearce; Nickel 
— historical sketch. W. L. Austin; Nickel — (»ccurrence, /geological dis- 
tribution and jy^eni'sis of ore dej^osits, Philip ArjLTall; Informal notes on 
Ind»*iM'ndence mine, F. E. Schwartz. 

Trans. Wajrner Free Inst, Sci., vol.3, part .'L Contributions to the 
Tertiary fauna of Florida, pt. iii, A new cla.ssificHtion of the Pelecy- 
l)oda, W. II. Dall. Pp. 47»-r)70, March, 18»5. 

JTI. PapevH in Scientific Journah. 

Scinice. May 21, 1S1)5. Current notes on physiography (VII), W. M. 
Davis. 

Scieiif*'. May 31, 18!)'). Current notes on physiography (VIII), W. M. 
Davis. 

Amrr. Jour. Sci., June, 180."), Crystal form of bornt^ol and isoborneol, 
W. II. Ilobbs; Synopsis of the mode of growth and development of the 
graptolilic g«Mius Diplograptus, R. Ruedemann; Newly discovered dike 
at DeWitt, near Syracuse, N. Y., N. II. Darton and J. F. Kemp; Note 
on the amount of elevation which has taken place along the Rocky 
Mountain rangf in Urilish America since the close of the Cretaceous 
l>«'riod, (». M. Dawson: Three n(^w analyst's of stnlalite from three new 
localitit'S, L. Mel. Lucpier and G. J. Volckening. 

School of Mines Quarterly, April, 181)5. Contributions from the min- 
eralogical department of Columbia College, XXI, A. J. Moses; Mona- 
zitr and orlhoclase from South Lyme, Conn., W. I). Matthew. 

Ottawa Naturalist, June, 181)5. Notes on the stratigraphy of the 
Canibro-Silurian rocks of eastern Manitoba, D. H. Dowling. 

Am. Naturalist. June, 1805. Is Diemonelix a burrow? A reply to Dr. 
Theodor Fuchs. E. H. Harbour; Sponges, recent and fossil, J. F. James 

71'. ExcerptH and Individual Puhlicationa. 

Notes on some eruptive rocks from Gallatin, Jelferson and Madison 
countirs. Montana, G. P. Merrill. Proc. U.S. Nat. Museum, vol. 17, pp. 
():{7-C)7:J. (No. 1031). 1805. 

The rocks of the Sierra Nevada, H. W. Turner. 14th Ann. Rept. U. 
S. (i. S.. pp. 4:{5-405. pis. 48-50, 1805. 

Tennessee phosphate rocks, J. M. SatTord. R«?print from Rept. Com. 
of Agriculture. 10 pp., 1805. 

On the structure of the ridge between the Taconic and Green Moun- 
tain ranges in Vermont. T. Nelson Dale. 14th Ann. Rept. U. S. G. S., 
pp. 5-i5-540, i)ls. 00-70, 1805. 
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On the structure of Monument mountain, Great Barrington, Massa- 
chusetts, T. Nelson Dale. 14th Ann. Rept. U. S. O. S., pp. 551-505, 
pis. 71-72, 1895. 

The laccolitic mountain groups of Colorado, Utah and Arizona, 
Whitman Cross. I4th Ann. Rept. U. S. G. S.. pp. 157-241, pis. 7-16. 
1895. 

Geological section — St. Louis to Shawneetown. J. M. Nickles. Final 
Re|H>rt of the Illinois Hoard of World's Fair Commission, pp. 155-223, 
I pi., Springfield, 1895. 

V. Proceedings of Scientifie Laboratories, etc, 

m 

Univ. of Cal., Bull. l)ept. Geol., vol. 1, no. 10. On lawsonite, a new 
n>ck-forming mineral from the Tiburon |:>eninsula, Marin Co., Cal., F. 
L. Ransome. ?!>. 301-312, pi. 17, May, 1895. 



CORRESPONDENCE. 



lxTEROL.\crAL Climatic Conditions. In the article by Mr. Warren 
Upham, printed in the May number of the Amekican (iEOLtKJisT and 
entitled ''Climatic Conditions shown by North Ami-rican Interglacial 
l>ffK>sits,*' it apiMMirs to me that the author very greatly underraU'S the 
evidences of a warm climate atfordod by the plant remains found in the 
defxisits of this age in the vicinity of Toronto. The particular beds in 
which these remains have been found at Toronto and Scarbort)Ugh may 
for tin; pri'sent be a.ssumed to be contem|)oraneous, for, although this 
has not been absolutely proved, the evidence they give is at least con- 
current. 

In these beds the folli>wing species of plants have been recognized: (1) 
Asimina triloba, (2) Fraxinus qutulrangulata, (3) Querrus obtimtobo, (4) 
Ulmus reeemosa, (5) Taxu^ baecatu var. canadensis, (0) Acer pleistocenicuin. 
Of these the yew (No. 5) is too wide spread in habitat to give much in- 
formation, and the maple (No. 0) is supposed to be a species now ex- 
tinct, but the four first-mentioned plants are all, for the region, south- 
ern forms, which here reach or surpass their present northern limits. 
This statement may be verified by consulting Prof. Sargent's "Forest 
Trees of North America" and Prof. Macoun's "Catalogue of Canadian 
Plants.** Prof. Macoun, in fact, records the two first-named sjx^cies in 
Canada only from the .shore of lake Erie; the third he recognizes doubt, 
full}' in the southern part of Ontario, while the fourth isnottpiite so 
distinctively southern in habitat, being found sparsely both in southern 
Ontario and in the "Eastern Townships" of the province of Quebec. 

To assume, as Mr. Upham* do<»s, that these trees fiourished when 
"the ice-sheet was melted away from the region of the Upi)er Lauren- 
tian lakes as far eastward as Toronto, while yet it remained on the 

^Loc. cit., p. 290. 
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northeastoni part of tht^ basin of lake Ontario, on northern New York, 
and the greater part of Xi*w Enjifland/* and that **the ice border during 
that whole time was near," seems to me to be wholly opiK^sed to the 
evidence in our i)«)ssession. It is surely evident that the mere proximity 
of such continental ice surfaces would have resulted in the occurrence 
of killinjj: frosts nearly every clear night during the summer, and that 
no conditions less favorable, or less remote from such arctic influences 
than those now found in the same region, are at all compatible with the 
facts. 

I am not aware that any of the plants found about the edge of the 
Malaspina glacier in Alaska'*' attain their highest northern range for the 
continent there, but even if this were the case, the climatic conditions 
to be reckoned with on the Pacific coast are quite different from any 
which could iK)ssibly have occurred during the Glacial i)eriod in the 
eastern part of America. GEORflE M. Dawson. 



PERSONAL AN D SCIE NTIFIC NEWS. 

1)k. Edward B. Mathews, instructor in mineralogy in the 
Johns Hopkins University, is spending the summer in study 
in Germany. 

Mr. Harry A. Lee has been appointed Commissioner of 
Mines of Colorado by Gov. Mclntire. A bill was recently 
passed establishing a state bureau of mines in Colorado simi- 
lar to that in California. {Enif, and Mining Journal,) 

Hon. Eckley B. Coxe, of Drifton, Pa., died on May 13th. 
Mr. Coxe was a well known mining engineer and was one of 
the organizers and early vice-presidents and presidents of the 
American Institute of Mining Engineers. 

Mr. J. S. DiLLER, of the U. S. Geological Survey, passed 
through Minneapolis on June 8th. He was on his way to in- 
vestigate the Tertiary coal beds a short distance west of 
Portland, Oregon. 

Prof. Karl A. von Zittel's paper on '* Paleontology and 
the Biogenetic Law," which was read before the Internation- 
al Congress of Geologists last summer, has recently been pub- 
lished in Natural Science (No. 89, May, 1896). 

Dr. Henry Woodward, president of the Geological Society 
of London, at the last meeting of that society chose for the 
subject of his presidential address, ** Some points in the life- 
history of the Crustacea in early Paheozoic times." 

The British Association for the Advancement of Science 
will meet at Ipswich from Sept. 11th to 19th. The president 
is Sir Douglas Galton. Mr. W. W hi taker, of the Geological 
Survey of Great Britain, is president of section C (Geology). 

•Ibid., p. 2&S. 
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Dr. Karl Vogt, for many years professor of geology at 
Geneva, died on May 6th, at the age of 78 years. He was 
born at Giessen and studied under Liebig and Agassiz. Be- 
fore his appointment at Geneva he had held a similar chair 
at the university of his native town. 

Mr. Bailey Willis, of the U. S. Geological Survey, and as- 
sistants will make a reconnaissance of the mineral resources 
in the vicinity of Puget sound. This region is already some- 
what familiar to Mr. Willis from his work on the Northern 
Transcontinental Survey. 

The University of Chicago has lately distributed the pro- 
gramme of the department of geology, 1895-1896. Brief ac- 
counts of the aims of the department, the equipment, library 
facilities and courses of instruction are given. The officers 
of instruction number eight, and there are thirty-one courses 
offered. 

Geological Society of Washington. At the meeting on 
May 22d the following papers were read: Questions in re- 
gard to the former extent of continental areas suggested by 
the distribution of oceanic fishes, by G. Brown Goode ; The 
North American continent in Cretaceous and Tertiary time, 
by G. K. Gilbert; Recent examination of the Cambrian in 
Georgia and Alabama, by C. D. Walcott. 

The Geological Society of America will hold its seventh 
summer meeting Tuesday and Wednesday, August 27th and 
28th, in the Art Museum, Springfield, Mass. Several excur- 
sions to points of geological interest in the neighborhood of 
Springfield have been arranged. These will be conducted by 
Profs. W. O. Crosby, W. M. Davis, W. N. Rice and Wm. II. 
Hobbs. 

The Sixth International Geographical Congress, which 
meets in London from July 26th to August 3d, has made ar- 
rangements for an exhibition. It has been definitely ar- 
ranged that the exhibition, as well as the Congress, will be 
held in the building of the Imperial Institute, South Kensing- 
ton. The exhibition will be opened early in Jul}' and will 
probably remain open until the middle of September. 

The Geological Society of London has adopted the plan 
of issuing in a separate pamphlet the catalogue of literature, 
mainly of course geological, which was added to its library 
during the last six months of 1894. It is double, the first part 
under the author's names and the second under subjoet-titles. 
It fills 58 closely printed pages. It will prove, if continued, 
as we hope it will be, a very valuable summary of geological 
literature. 

Messrs. G. F. Becker and Chester W. Pukington, with Dr. 
W. F. Dall, left Washington May 14th for a reconnaissance 
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of the mineral resources of Alaska, ('ongress having made a 
special appropriation of |5,000 for that purpose. The work 
of the season will be confined to the coast, and an examination 
of the upper Yukon will not be attempted. 

The Colorado Sc'ientific Socmety has recently issued the 
fourth volume of its '^Proceedings.** This volume contains 
xxix and 456 pages and includes the proceedings and papers 
for 1S91, 1892 and 1893. Some (»f the more important papers 
were reviewed in the Amekk^an Geologist at the time of their 
appearance in separat>e f(»rm. The contents of this volume 
are given under the head of **Recent Publications" in this 
issue. 

The Koyal SoriETY of Canada held its fourteenth meeting 
at Ottawa, May 15th, 16th and 17th. The following geolog- 
ical papers were read : The geology of the proposed Ottawa 
ship canal, by R. W. Ells; Note on Tertiary fossil plants 
from the vicinity of the city of Vancouver, B. C, by Sir Wil- 
liam Dawson : Organic remains of the Little River group. No. 
4. by G. F. Matthew; The chemical composition of andra- 
dite from two localities in Ontario, B. J. Harrington. 

Bulletins of Amekican Paleontolooy. This is a title of a 
new Herial issued under the direction of Gilbert D. Harris, 
Ithaca, N. Y. it is intended that these bulletins will appear 
when suitable material is prepared for them and not necesfia- 
ril}' at regular intervals. They will not represent work done 
merely by one person or institution, but will be of a more gen- 
eral nature— subject to acceptable contributions from all 
paleontological workers. No. 1 is entitled "Claiborne Fos- 
sils,'' part I, S3^nonymy of Lea's and ("onrad's species : part II; 
New or remarkable species. 

The American Association v'ok the Aovancement ok Sci- 
ence will hold its forty-fourth meeting at Springfield, Masd., 
Wednesday, Aug. 28th, to Saturday, Sept. 7(h. Information 
rehiting to membership and papers can be (tbtained from the 
pernianeiil secretnry. Prof. F. W. Putnam, Salem, Mass., while 
the local secretary, Mr. W. A. Webster, of Sprinjjjfield, will 
attend to all inijuiries concerning arranjx»*inents, hotels, rnil- 
wa}' rates, etc. A number of general and special excursions 
have lH»en arranged for the members of the Association and 
other societit'S. The following societies will meet at Sprinj^- 
field in connection with th(» A. A. A. S. : Oeolojrical Society 
of America; Society for the Promotion of Af^ricultural Sci- 
ence; Association of Economic Entomologists ; Association 
of State Weather Service; Society for Promoting Engineering 
Education; American Chemical Society; American Forestry 
Association. 
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JOSEPH GRANVILLE NORWOOD, M. D., LL. D. 

By G. C. Broadhead, University of Missouri, Columbia, Mo. 

(P(»rtrait, Plate IV.) 

John Norwood, an English gentleman, was born in London 
and came to Virginia about 1740. He was an aeeomplished 
niathematieian and left to his eldest son two nianiiscript 
works on mathematies.* 

Charles, the eldest son of John Norwood, was born in 1753, 
and was a Revolutionary soldier. He was twice married, the 
first time, in 1781, to Anna Dale. After her death he moved 
to Kentucky, settling in Woodford county, and within a few 
years married Mildred Dale, a sister of his first wife. She was 
the mother of Joseph G. Norwood. During the second war 
with Great Britain Charles Norwood operated a powder mill, 
which he sold soon after the war closed and settled on a small 
farm near Lexington, where he died in 1882. 

Joseph Granville Norwood was born in Woodford county, 
Kentucky, December 20, 1807. When six years of age he at- 
tended a school taught by a Scotchman named Buchanan. 
When nine years old he entered the school of Aldrich and 
Vaughan, taught on the Lancastrian system. The school con- 
tained nearly four hundred pupils, whose studies ranged from 
the lowest primary to higher nuithcmatics. He remained in 
this school for about five years, otiiciating as head monitor 
during the last two years. Young Norwood's father moved 

♦One of these books was shown to mo bv the late Dr. Norwooil and is 
now in the possession of the Norwood family. 
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into town and occupied a house near a printing office. The 
son, often observing the process of printing, became ardently 
desirous of becoming a printer. But his father earnestly de- 
sired him to study medicine. About this time he secured em- 
ployment as clerk in the banking house of Mr. Winn. While 
thus engaged a Mr. Sn^ll visited Lexington giving illustrated 
popular science lectures. Mr. Winn being an old acquaintance, 
Mr. Snell called to see him. Mr. Winn being absent, Mr. Snell 
presented the clerk with a ticket to the exhibition. The exhi- 
bition chiefly consisted of illustrations in chemistry and elec- 
tricity. Heretofore young Norwood's evenings had been dull, 
but they were no longer so. A love for experimental science 
was then born in him. With the assistance of a tinner and with 
lenses obtained from a watchmaker he constructed a magic 
lantern. He prepared his own slides, using ivory black for 
outlines, a few transparent colors and colorless varnish. With 
bottles, a pane of glass, tin-foil, a stick of sealing wax, a skein 
of silk and elder pith a few electrical experiments were made. 
He next entered a printing office, and afterwards purchased 
a newspaper and continued in that business for several years. 
The greater part of 1827 was spent in travelling. In 1828 he 
published a journal of medicine and in 1829 the '^Christian 
Examiner." In 1830 Norwood and Palmer were engaged in 
printing and publication in Louisville, Kentjacky. Norwood 
soon after sold out and determined to devote himself to the 
study of medicine and the sciences. He already had begun 
to devote all of his leisure to the study of scientific books. In 
the meantime he took control of the "Lexington Intelligencer" 
for a year, but finding that this interfered with his medical 
studies he soon withdrew and pursued his study of medicine 
at Transylvania Medical College. Toward the close of the 
second session of his medical course, although he was in- 
formed that he could secure a diploma, he determined to wait 
another year as he was not altogether satisfied with his ac- 
quirements. Without solicitation the entire faculty gave him 
recommendations and he at once entered upon the practice of 
medicine, and by the end of the year he was possessed of a 
large practice. The next year (1836) he returned to Lexing- 
ton, wrote out a thesis on spinal diseases, and in March he 
graduated. 
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In 1840 the Indiana legislature chartered the Madison Med- 
ical Institute and Dr. Norwood was given the chair of sur- 
gery. In 1843 he was invited to a chair in the medical de- 
partment of the St. Louis University. This position he held 
until 1847 when he was urged to enter upon the United States 
Geological Survey. From 1847 to 1861 he was assistant ge- 
ologist with Dr. D. D. Owen on the survey of Wisconsin, Iowa 
and Minnesota, his work chiefly being near lake Superior. In 
1854 he was elected to the chair of chemistry in the Kentucky 
Medical school at Louisville, but did not serve. 

From 1861 to 1868 Dr. Norwood was state geologist of Illi- 
nois. Froml868 to 1860 he was assistant geologist of Missouri. 
In 1871 Dr. Norwood was oifered the position of state geolo- 
gist of Missouri. He would only agree to accept the office 
until a stat« geologist was appointed. He held the office for 
three or four months. 

From 1860 to 1880 he was professor in the University of 
the Stat« of Missouri, filling the chairs of geology and chem- 
istry, also of natural science, including physics, anatomy and 
physiology, and for several years he was dean of the medical 
department of the university. On account of ill health his 
active work with the university ceased in 1880. Since then 
his name has remained on the catalogue as emeritus professor 
of physics. Part of the time between 1861 and 1866 the reg- 
ular university exercises were suspended and the university 
building was occupied by United States troops, but Dr. Nor- 
wood came regularly to the building and remained all day, 
faithfully watching over the university property. 

About fifteen years ago Dr. Norwood met with a serious 
fall, which injured his hip and made it difficult to get about. 
For over twelve months previous to his death he suffered 
painfully at times from gravel, and during the last two 
months of his life the end of all seemed to be near. For 
months he took but little nourishment and during his last 
days it was mechanically given him. He died in Columbia, 
Missouri, May 6, 1896. 

He was devoted to his family, faithful to his friends, fear- 
less in his views and yet was never known to speak unjustly 
of any one. His mind was strong, it was clear and bright to 
the last. He possessed a gentle grace and a grand dignity 
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that niHch* all who knew him love, honor and respect him. 
His scholarHhip was broad; he was acc*ompli«hed in natural 
science and a thorough instructor, and universally loved by 
his pupils. 

Dr. Norwood was twice married, his first wife being Miss 
Louisa Ta3'lor. By this marriage he had two sons and one 
daughter. The daughter married Col. J. A. Hendricks, of 
Indiana, who was killed at the battle <if Pea Ridge. Dr. Nor- 
wood's second wife was Mary Francis Pugh, of Madison, In- 
diana. Three sons and h\i* daughters were born of this mar- 
riage. One of these daughters married John I). Vincil, I). D., 
of St. Louis, who is one of the most prominent free masons 
of the country. Charles J. Norwood, a son by Dr. Norwood's 
second marriage, has been state mine inspector of Kentucky 
for ten years, and is now state geologist of Kentucky. 

Dr. Norwood was a mason for 67 3'ears and was buried with 
masonic honors, and his remains were also escorted to the 
grave by the cadets of the University of Missouri. The coun- 
cil of the university, at a meeting held for the purpose, 
adopted resolutions extolling his many virtues and his great 
learning, stating that in his death the school, the State and 
education lost one whos<' ]>lace it would be hard to fill. 

A ])rominent characteristic of Dr. Norwood was his extreme 
modesty as it concerned himself. All of the various positions 
that he has held were ottered him without his seeking. I had 
been most intimate with him for thirtv-five years yet I never 
found him praising himself, yet for his every action there was 
praise due to him. For the past three years I had endeavored 
to obtain certain information necessary to a sketch of his life, 
but he always evaded the subject and asked me to wait, and 
my respect for him was such that I could not urge the matter. 
He was a valued friend, a good man, a pure man. 

Dr. J. G. Norwood's ])ul)]ications, so far as now known by 
me. were as follows: 

18.'58. "Outlines of a Course of Lectures on the Institutes of Medi- 
cine." I^'xinj^ton, Ky. 

1841. -Family Medieal Library." Published by U. P. James, Cin- 
cinnati. This was a revision, with additions, of Dr. Buchan^s then well 
known En^Mish work. 

184(). "Description of a New Fossil Fish from the Paljeozoic Rocks 
( f Indiana," by Joseph G. Norwood, M. D., and David Dale Owen, M. 
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D. February 16, 1846. — American Journal of Science and Arts, 2d se- 
ries, vol. I, page 367. This was the Macropetaliehthys raphe idolabis, 
and the description was the second notice of fish remains in the Cornif- 
erous. The genus was erected by Norwood and Owen.* 

1846. "Description of a Remarkable Fossil Echinoderm from the 
Liimestone Formation of St. Louis, Mo., by J. G. Norwood, M. D., and 
D. D. Owen, M. D. June 2D, 1846. — American Journal of Science and 
Arts, 2d series, vol. ii, p. 225. This was the MeUmiteH multipora. 
The genus was erected by Norwood and Owen. 

1847. ^'Researches Among the Protozoic and Carboniferous Rocks 
of Central Kentucky, made during the Summer of 1846," by D. D. 
Owen, M. D. and J. G. Norwood, M. D. St. Louis, 1847. This was an 
*"excur8ion through part of Tennessee and Kentucky, by way of Nash- 
ville, Gallatin, Scottsville, Glasgow, New Haven and Bardstown," and 
was undertaken "with a view to clear up some doubtful points in west- 
ern geology." The authors say: "The points to which our attention 
was mainly directed were to determine whether the *Cliff' formation 
of the west— the Upper Silurian and part of the Devonian rocks of 
Europe — existed in Tennessee and the southern part of Kentucky; to 
observe the succession, bearings and relative area occupied by the pro- 
tozoic and carboniferous or mountain limestone; and to collect, if pos- 
sible, a greater variety of fossils from the strata above the black slate, 
which occupy the knobby region of the Western States, in order to ob- 
tain additional evidence of the true age of these deposits, which have 
been usually regarded, on lithological grounds, as having been depos- 
ited contemporaneously with the Portage and Chemung grouyja of New 
York and the Devonian rocks of Europe." They identified the "Cliff" 
formation in various places and decided that the deposits in question 
above the black slate "belong to the Carboniferous [also referred to as 
*8ub-carboniferous') and not to the Devonian age." These "sub-carbon- 
iferous" beds are now known in Kentucky as the Keokuk- Waverly se- 
ries, in part. The pamphlet is an interesting one on several accounts. 
It contains one plate of fossils and a horizontal section of the beds along 
the line of observation. 

1848. First Report as Assistant U. S. Geologist in the Survey of the 
Northwest. 

1852. Second Report as Assistant U. S. Geologist in the Survey of 
the Northwest. 

Geological Report of a Survey of a portion of Wisconsin and Minne- 
sota made during 1847, 1848, 1849 and 1850. 2()0 pages, large quarto. 
illustrated. Prof. N. H. Winchell, state geologist of Minnesota, has 
remarked upon the the thorough accuracy of this work of Dr. Nor- 
wood's.! 

♦Note. — A portion of the specimen described and figured is now in the 
collection of Missouri University, Columl)ia. Comparing this with de- 
scription of M. Hidlivant a , Ohio Rep., vol. r. Pal., I am covincod that it 
is the same species, and Norwood's specimen has priority. 

tDr. A. Litton, of St. Louis, I believe is the only jxtsou now remain- 
ing who was engaged in that survey. 
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1851-1857. State Geologist of Illinois. Following the election of a 
Republican Grovemor, he (being a pronounced Democrat) was removed 
from office and the legislature refused to appropriate means to publish 
his report. Concerning the latter, a legislative committee reported as 
follows: "We refer the accompanying report of Dr. Norwood to his ex- 
cellency, the Governor, and also the report of the topographer annexed 
to the same. From these reports it will be seen, first, that Dr. Norwood 
has materials of an entirely economic character, nearly ready for publi- 
cation, which will make a volume of from one thousand to twelve hun- 
dred pages, with all the sections and diagrams necessary to illustrate 
the work," etc., etc. The committee also reported: "Your committee 
will further state that, in their opinion, there has not only been a large 
amount of labor performed at comparatively a small expense, but that 
it has been well done. No just cause of complaint can be urged against 
the present incumbent. Dr. Norwood, or any of his assistants." These 
brief extracts from the legislature's records may give to those whose 
knowledge of Dr. Norwood ^s services in Illinois is limited to, what his 
friends deem, a singular note in the first report of his successor, a dif- 
ferent notion as to what the facts really were,* 

During his term as state geologist of Illinois he. made two reports of 
progress, one dated Feb. 5, 1853, and one Feb. 7, 1855; and in February, 
1857, he was prepared to publish the report "of 1,000 or 1,200 pages" 
mentioned above, for which no appropriation could be obtained. Sub- 
sequently, however, in August, 1857, he published an "Abstract of a 
Report on Illinois Coals," 93 pages, with map and two plates of sections, 
the expense of which was met from a fund controlled by the Governor. 
This, with a short account of the Rosiclare lead region given in Vol. I 
of Worthen's reports (1866), contains, unfortunately, all the published 
results of his work in Illinois. It may be proper to state that Governor 
Bissell did not desire to remove Dr. Norwood, but was forced to yield to 
I)olitical pressure. Mr. Worthen's appointment was then made upon Dr. 
Norwood's urgent request, Mr. Worthen having been one of his assis- 
tants. 

1854. Two paleontological papers, with plates: 1.— ^"Notice of Pro- 
duct!," etc., "with Descriptions of Twelve New Species." 2. — "Notice 
of the Genus Chonetes," etc., *'with Descriptions of Eleven New Spe- 
cies." By J. G. NorwtHxl and Henry Pratten.— Journal of the Academy 
of Natural Sciences, Philadelphia. 

1855. "Notice of Fossils from the Carboniferous Series of the West- 
ern States," etc., "with Descriptions of Eight New Characteristic Spe- 
cies." By. J. G. Norwood and Henry Pratten. — Journal of the Acad- 
emy of Natural Sciences. Philadelphia. 

1808. ''Exi)erinipntal Exercises and Problems in Elementary Chem- 
istry." Published by U. P. James, Cincinnati. 

♦Dr. J. Lindahl, late curator of the Illinois State Museum, has informed 
mo that he was surprised uix>n looking over the Illinois collection to find 
that Dr. NorwcKxl had collected such a large lot of specimens. Both 
Owen and Swallow forty years ago wrote complimentary letters to Nor- 
W(K)d concerning the collection. 
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[Cbucial points in the oboloot of the Lake Supebiob heoion. No. 6.] 

THE KEWEENAWAN ACCORDING TO THE 
WISCONSIN GEOLOGISTS. 

By N. H. Winchell, Minneapolis, Minn. 

Concisely it may be said, at once, that the Wisconsin 
survey immediately reached definite ideas on these mooted 
questions of Lake Superior geology. That survey continued 
from 1873 to 1879, a period of six years. The whole state 
was reported and mapped in an incredibly short space of time. 
Its proximity to Michigan, where many of these rocks had 
been described, aided the geological corps in no small degree. 
They were aided still further in having the cooperation and 
active service of Prof. C. E. Wright and Maj. T. B. Brooks of 
Michigan, the latter already familiar with the problems in- 
volved, and the former still concerned with Michigan geology. 

The conclusions of this survey are summed up by Prof. 
<,'hamberlin in volume I of the final report, published in 1883. In 
general they are based on facts reported by the other geolo- 
gists and published in other parts of the final report. They 
are as follows, so far as they bear upon the questions we are 
-considering : 

1. The Laurentian embraces gneiss and crystalline schists, 
micaceous and chloritic, and allied rocks. 

2. The Huronian is non-conformable upon the Laurentian, 
embracing all the known iron ore deposits, made up of quartz- 
ytes, black slates, often micaceous diorytes, limestones, con- 
glomerates and cherts, having a total thickness of at least 
13,000 feet. Quartz-porphyries overlie the quartzytes in cen- 
tral Wisconsin. These members constitute what has later 
"been styled Upper Huronian, and are made the equivalent, 
after Selwyn, of those extensive deposits in Canada consisting 
of limestone, iron ores and carbonaceous shales, which were 
formerly classed with the Laurentian but have been separated 
from it by Selwyn, as portions of the Huronian. It is non- 
■conformable, but not strikingly so, with the overlying Kewee- 
nawan. It is associated with intrusive masses of granite, 
gabbro and dioryte. 

This conception of the Huronian is greatly different from 
that entertained by Brooks and Irving, who divided it into 
twenty parts, and included in it the crystalline schists and the 
Archean greenstones. 
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3. The Kewcenawan consints epsentially of eruptive mate- 
ria 1h, but toward the top has interst ratified f ragmen tal beds, 
pueh as conglomerates, sandstones and shales, the aggregate 
thickness being from 40,000 to 45,000 feet, three- fourths of 
which is igneous material. The lowest member consists of a 
great thickness of diabase and allied igneous roi*ks. The 
conglomerates consist almost wholly of porphyry i)ebbles, 
which cannot be certainly referred to their native sources. 
One conglomerate is 1,200 feet thick. The trap beds are tilted 
sometimes to angles of 45 degrees and greater, the immediately 
overlying sandstones having a conformable dip. After the 
Keweenawan there was an interval of erosion. The whole 
period of the Keweenawan was accompanied by subsidence of 
the region of lake Superior. This is proved b}' the enormous 
thickness of the deposits. The subsidence was also accom- 
panied by flexure and faulting. 

4. After the Keweenawan was elevated and broken there 
supervened a period of erosion, during which the region was 
a land area. This was the time of the Taconic or Lower 
Cambrian, the sediments of which are found on the Atlantic 
seaboard. Then the sea returned slowly over the region, de- 
positing a non-conformable sandstone upon the upturned beds 
of the Keweenawan. 

5. This non-conformable sandstone is the Potsdam, and 
its distinctness from the Keweenawan is not a matter of 
doubtful opinion. Its accumulation was also accompanied by 
continued subsidence. 

From Nos. 1 and 2 of these general conclusions the writer 
has no reason to express essential dissent. He wishes here 
only to call attention to the discriminating foresight of Prof. 
Chamberlin in not accepting the expanded Huronian of the 
Canadian geologists, though it was advanced by Irving and 
Brooks in the same report. The strata which Prof. Chamber- 
lin accepts as typically ''Hiirf>nian'' are those of the Penokee 
range, which, except the cherty limestone, are by Van Hise 
classed as "Upper Huronian" in the correlation paper J /vAeroi 
mnl Ahionk'ltiii^ and which at a later date Irving considered, 
rightly, the eciuivalent of the Animikie and of the original 
Huronian. The j)rincipal correction in the Huronian of Prof . 
( haniberlin, which later study has shown to be necessary, is 
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the 8i*paration of a part of the iron ores from the Penokee 
series and the relegation of them to the greenstone and per- 
haps to other horizons of the Archean. This would also ne- 
cessitate the recognition of a non-eonformit}'^ at the base of 
his Penokee series, by which that series would be likely to 
occur transversely and non-con formably on all the parts of 
the Archean, including many of the so-called diorytes, which 
are really phases of the greenstones. There is still much 
doubt as to the true place of the basal limestone of Chamber- 
lin's Penokee series, since Van Hise has latterly included it in 
the Lower Huronian, thus placing it below the great non-con- 
formity instead of above it where it had uniformly been 
classed before.* 

We desire, however, to call attention t<) Nos. 3, 4 and 5 of 
these conclusions, and to examine the evidence on which they 
are based, as they are the same as expressed by Messrs. Wal- 
cott and Van Hise in the two '^Correlation papers" to which 
reference has been made. 

No. 3, of Chamberlin's summary, defines the Keweenawan 
and gives its essential structural relations. As to the nature 
of the Keweenawan, later examinations have rendered neces- 
sary a slight reconstruction of this description. Instead of 
having an enormous diabase mass at its base, or a gabbro mass, 
the base consists of fragmental materials. Prof . Irving refers 
to this fact in his hiter work on the Keweenawan, f saying that 
layers of conglomerate and sandstone extend nearly to the 
base, the conglomerates being generally of acid eruptive rock, 
such as felsyt^s, quartz-porphyries and augite syenites. He 
refers also specially to the light-colored and marly sandstones 
of the region of Black and Nipigon bays, on the north shore, 
which lie non-conformable upon the Animikie slates and have 
a thickness of about 1,300 feet according to Robert Bell. 
These he considers as in the base of the Keweenawan. If he 
is correct in this there is abundant reason to put the Kewee- 
nawan age in the midst of a great sandstone epoch. But we 
shall find evidence to believe these Black Bay and Nipigon 

♦See: Penokee Iron-bearing series of MichijL^an and Wisconsin. 
Monograph xix, U. S. Geol. Sur., p. 473, 1892. 

tThe copper-bearing rocks of lake Superior. Mon. v. U. S. (jcoI. 
Survey, pp. 152, 155, 156, 1883. 
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8and»tones and marls are later instead of earlier than the bulk 
of the great Keweenawan traps. However, regardless of these, 
it may be shown that the lowest fwrt of the Keweenawan, as 
desc^ribed bj Irving, and later by the Minnesota survey and 
by Prof. Van Hise, consists of massive sandstones and con- 
glomerates. Reference may here be made to the composition 
of Grand Portage island, in the northeastern fwrt of Minne- 
sota.* At this place is a white sandstone and a conglomerate 
which show unmistakably that the Keweenawan is separated 
from the Animikie by an important erosion interval. Below 
this interval is the upheaved and metamorphosed Animikie, 
the same that has been examined on Pigeon point by Bay ley. f 
Pebbles from this changed Animikie and from the attendant 
eruptives (quartz- porphyry and felsyte) are in this conglom- 
erate mingled with pieces of Animikie slate. Over the con- 
glomerate is a white siliceous sandstone. This conglomerate 
seems to extend for some distance below the water level, since 
pieces of it having somewhat different characters are on the 
beach of the island. It has been seen also at other places. A 
re<'ent re-examination of the valley of the St. Louis river, be- 
low Carlton, reveals the existence of remarkable differences in 
the fragmental conglomerate which there lies on the Archean 
slates (Keewatin). The lowest portion is a purely quartzose 
though strongly pyritiferous conglomerate, with pebbles 
which sometimes are several inches in diameter, becoming 
gray sandstone above. J The materials of this c(mglomerate are 
referable wholl}^ to the rocks of the pre- Keweenawan. Careful 
search did not bring to light a single Keweenawan j^ebble, al- 
though the gabbro hills rise in the immediate vicinity to the 
hight of over 600 feet. Its structural features indicate a 
greater age than that of the overlying conglomerate. A finer 
red conglomerate and red sandstone and shale lie upon the 
gray conglomerate, and are charged with pieces that can only 
be referred to the rocks of the Keweenawan immediately adja- 

*U. S. (jRANT, Note on the Keweenawan rocks of Grand Portage is- 
land. Amkrican GEOLotiiST, Junc, 1894, vol. xiii, p. 4.37. 

See also earlier references to this basal conglomerate by the writer, 
viz., Kith Minnesota report, pp. 55-56; 18th ditto, jjp. 42-43. 

tThe (eruptive and sedimentary rocks on Pigeon point, Minnesota, 
and their contact i)henomena. Bulletin 109, U. S. (Jeol. Sur. 

ITenth xMinnesota report, p. .33, 1881. Twenty-third ditto, p. 239, 
1895. 
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-cent. The lay of the ground and the perpendicular condition 
of the bluff necessitated a detour away from the river and the 
manner of union of the red conglomerate with the gray was 
not observed. This distinction besides was not established, 
although anticipated, until the specimens collected were sub- 
sequently being examined. The most convincing fact tending 
to show a difference of age between the lower and upper con- 
glomerates, at this place, was the discovery, among the peb- 
bles collected from the upper, of a rounded fragment of iron 
pyrite which could be directly referred to the pyrite so abun- 
dant in the lower conglomerate. The writer was at first dis- 
posed to consider the lower conglomerate as the base of the 
Animikie,* but there is more reason to consider it the base of 
the Keweenawan and the equivalent of that at the base of 
-Grand Portage island. The upper conglomerate and sand- 
stones must date* from Keweenawan or post- Keweenawan time, 
since they consist almost wholly of Keweenawan debris. If 
this be correct the Keweenawan age separated the dates of 
their origin. The upper conglomerate passes upward into the 
sandstones at Fond du Lac. 

Prof. C. R. Van Hise has discovered lately a similar frag- 
niental base for the Keweenawan in Michigan. f It occurs 
also in Wisconsin. He describes it in one place as the top of 
the Penokee series, though that is a very anomalous assign- 
ment for such a conglomerate, and in another he makes it the 
base of the Keweenawan. This conglomerate, according to 
his description, is siliceous and coarsely pebbly, and contains 
only material that can be referred to pre-Keweenawan rocks. 
It is associated with a "red sandstone or quartzyt^," and is 
"mingled with Keweenawan greenstones." 

Nos. 4 and 5 of Chamberlin's summary (above) are so 
^i-losely related that they may be considered together, especially 
so as we do not wish here to call in question the Potsdam age 
of this upper, or "Eastern sandstone." The}^ appertain to the 
structural features of the Keweenawan. 

Keeping in mind the fact that, as above shown, the Kewee- 
nawan was introduced not b}^ eruptions of igneous rock, but 

♦See Twenty-third report of the Minnesota survey, p. 239. 

tThe Penokee Iron-bearing series of Michigan and Wisconsin. Mon. 
XIX, U. S. Geol. Sur., pp. .326, 456-457. 



80 The A merivnn (reolotfisf, Auffusit, i?«>. 

by subsidence of the region by whieh the Animikie and its 
modified beds and associated gabbros, red granites and fel- 
sytes, were covered by the ocean, it is apparent that the great 
eruptions of the period began in the midst of the formation of 
a sandstone. The flexures that were the attendants of this 
subsidence and eruption were very great. In some places the 
very rocks themselves which constitute the predominant fea- 
ture of the Keweenawan were broken and violently scattered, 
either by erosive action or by volcanic ejection, probably by 
both. The formation of a conglomerate, which Irving reports 
as 1,300 feet thick imbedded in the typical Keweenawan on 
Montreal river, was not the event of a year nor of a century. 
Several f ragmen tal beds occur on the north shore of lake Su- 
perior interstratified in the series. How far they continue as 
independent strata is not known, but it is very probable that 
they have a general parallelism with those found on the south 
shore. The sandstones become conglomeratic. Indeed the 
wide dissemination of coarse material, especially of felsitic 
and red-porphyritic rock, during the time of the Keweenawan 
is one of the most common features of its fragmental strata. 
It goes, therefore, without saying that the exist-ence of Ke- 
weenawan conglomeratic material is not, per tte, any proof of 
pre-Keweenawan time, nor evidence of the existence of a great 
erosion-plane of sufficient significance to warrant the intro- 
duction of an important time interval. Yet it is just such 
evidence as this and an occasional non-conformity which 
forms the basis of the assumption that the sandstones which 
are seen non-conformable on the traps at sundry points are of 
an age widely different from the traps. 

In order to make it clear what value the individual cases 
may have it will be necessary, in the next place, to examine 
the reports which have been published concerning them. 
Some of these descriptions omit important data, perhaps be- 
cause not obtainable. In some cases later examinations have 
supplied these missing data, but in others they are lacking 
still. 

The St. Croix Falls case is perhaps the most frecjuently re- 
ferred to. Prof. Irving depended on this to establish the 
enormous erosion interval V)etween the traps and the overlying 
sandstone and inferentially to prove such an interval between 



Th € Ke ween a ira // . — \\ 'in ch eff. 8 1 

the Lake Superior sandstone and the sandstones of the upper 
Keweenawan. It is true that the St. Croix beds there lie on 
the trap, the base of the former being a coarse conglomerate 
made up largely of trap material from the trap range. There 
are, however, some important considerations, relating to this 
occurrence, which are usually overlooked, viz. : 

The overlying non-conformable strata at St. Croix falls are 
not of the age of the Lake Superior sandstone, but younger, 
although probably a part of the same great formation. The 
fossils that are found in the strata are those that characterize 
the horizon of the St. Lawrence limestone, which is the horizon 
of the original Dicellocephalus. The strata are, in part, not a 
sandstone, but a dolomyte, and below them, further south, are 
about 1,000 feet of siliceous sandstone. These lower layers 
were penetrated in sinking the deep well at Stillwater. They 
are well known both toward the east, in Wisconsin, and to- 
ward the west, in Minnesota, where they have been named 
Dresbach and Hinckley sandstones. It is these lower sand- 
stones that appear on the Lake Superior shore involved with 
the traps. The facts at St. Croix falls demonstrate that the 
subsidence which was going on during the time of the typical 
Keweenawan and later was yet in progress during the deposi- 
tion of the St. Croix formation, and that whatever fractures 
there may have been, in the Keweenawan rocks, incident to 
the movements of the crust in that region, were covered by 
the later sediments non-conformably. The St. Croix strata 
are very far above the base of the sandstone formation, and it 
is necessary to find the base and show it is a non-conformable 
conglomerate to warrant the assumption of a great erosion 
interval after the Keweenawan. This important eleuHMit is 
lacking in several other similar non-conformities, if not in all 
of them so far as described. 

Prof. Chamberlin refers specifically to the phenomena at the 
falls of Black river in Douglas county. Wis., des<Til)ed by Mr. 
Sweet.* But there is here nothing to prove th(* horizon of the 
non-conformable sandstones. Thev are assumed to he later 
than the sandstones overl^Mng and tilted with the traps. But 
the descriptions and the figures of Mr. Sweet do not make 
that a necessary relation. Indeed one of Mr. Sweet's figures 

♦Greol. of Wisconsin, vol. iii, pp. 'UO-317. 
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(fig. 8) 8hc>w0 diabase overlying conglomerate and interetrati- 
fied sandstone. Between them is an obscure breccia. This 
conglomerate and sandstone dip 29^ southwesterly toward 
a diabase clitf about 50 feet distant which rises 40 feet. Some 
of the sandstone outcrops in the gorge are "indurated," as if 
by igneous contact. In general, however, the interpretation 
by Mr. Sweet sustains the view taken by Prof. Chamberlin. 
In the light of observations, however, some of which have 
been mentioned above, going to prove the pre-existence of 
conglomerate and sandstone, the facts that have been pub- 
lished relating to this locality will warrant the supposition 
that here we have to deal with two sandstones and two con- 
glomerates, one pre- and the other post- Keweena wan, and the 
remark of Mr. Sweet that in one of the conglomerates, i. e., the 
more friable one, some of the j)ebbles are themselves of a con- 
glomerate, much strengthens this hypothesis. The contrary 
dip <»f the conglomerates also sustains it. There can be no 
question, however, that the upper sandstone and conglomerate 
are later than the diabase at that locality. This seems to be 
proven by the existence of diabase pebbles disseminated 
thrf>ugh their fragmental materials as well by the ditference 
of dip. How much later is not known. It may have been 
formed very soon after the intrusion and tilting -of the dia- 
base. Whatever its date, the fractured and tilted condition of 
its beds, as described by Mr. Sweet, goes to demonstrate that 
the crustal movements, whether upward or downward at this 
point, had not ceased, but that on the contrary the same in- 
stability which is recorded at the St. Croix falls prevailed 
here probably at an earlier date. The pressure and crushing 
here were such as to produce a dip in the horizontal sand- 
stones of over 40^, and in other cases to obliterate their 
bedding and to cause a slaty cleavage and a micaceous grain.* 
It is ver}^ evident that a re-examination of this locality might 
throw more light on the relations existing between the traps 
and the sandstones. The lowest beds of the sandstone seem 
not to be visible. 

In reference to the southern side of Keweenaw point, to 
which Chamberlin refers for further confirmatory evidence, it 

♦See Irving's description of this locality. Wis. Acad. Sci., vol. ii, p. 
118, 1874. 
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is difficult to ascertain what can be relied on as to the inter- 
pretation of this shore. Chamberlin and Irving, in Bulletin 
No. 23 of the United States Geological Survey, admit that the 
Eastern sandstone in some places passes below the trap rocks 
of Keweenaw point, as first shown by M. E. Wadsworth, but 
they claim that this is illusory and only local, and that the east- 
ern sandstone is really non-conformable upon the traps. They 
explain the structural relations as understood by them by a 
hypothesis which in itself presents inherent difficulties. It 
may be that the contrariety of fact and interpretation can be 
adjusted by allowing two sandstones on the south side of Ke- 
weenaw point, one being older than the traps as represented 
by Rominger and Wadsworth, and one younger, but both em- 
braced in the same great sandstone period, separated locally 
into two parts by the Keweenawan eruptives.* Indeed, there 
are some facts, admitted by Chamberlin and Irving, which 
seem to require this conclusion. We do not, however, consider 
it important here to decide between these opposite "views," 
since whether the Eastern sandstone be older or later than the 
traps there are four important points well established and ad- 
mitted by all observers, to which attention may be directed, 
which have bearing on this discussion. 

1. Since the Eastern sandstone was deposited there have 
been considerable, and perhaps very extended, crustal move- 
ments which have bent and broken the Eastern sandstone. 
This is but a repetition of the conclusion that has been drawn 
from occurrences in Douglas county, Wisconsin, and elsewhere. 

2. Whether the Eastern sandstone was flexed upward or 
downward by such movements, the tilting was abrupt and ac- 
complished within a few hundred yards of the contact plane. 

3. There are sandstones that pass, both abnormally because 
of overthrust, and naturally because of normal infraposition, 
below the Keweenawan traps. (Bull. 23, pp. 66, 67.) 

4. The basal beds of the Eastern sandstone are not here ex- 
posed. 

The foregoing are the localities to which Chamberlin refers 
for support for the structural relations affirmed in his sum- 

♦Thoee who desire to ascertain the facts that have been relied on for 
the different theories of the relations of these rocks on the south side of 
Keweenaw point will find them abl^ presented and discussed in Bulletin 
No. 23 of the United States Geological Survey, by Chamberlin and Irv- 
ing. See also an editorial review m the Am. Geologist, vol. i, page 47. 



84 The America n Getddijiitf. Augrust, 1895. 

marj in volume I of the Wisconsin survey report. Prof. Van 
Hise has since reviewed this subject.* While he employs the 
same data he has also mentioned one other. It is the non- 
conformable position of the sandst<)ne near Agogebic lake upon 
the rocks of the Penokee series. The conglomerate here eon- 
tains rolled pebbles from the Archean, from the Penokee series 
and from the Keweenawan, the last, consisting of "quartz por- 
phyry and certain phases of basic eruptiVes," being considered 
proof that this sandstone here is of later date than the Ke- 
weenawan. Admitting the references of all the pebbles as 
expressed by Van Hise and their significance, there is lacking 
still that same element which has been found wanting in sev- 
eral other similar cases, viz. : Is this conglcnnerate at the bot- 
tom of the series? It is evident that in a region which is 
subject to proh)nged progressive subsidence the same fragmen- 
tal series may form a conglomeratic in contact with various 
terranes as the ocean advances. This would show non-con- 
formity on each of them. But this circumstance does not 
prove non-conformity upon the beds nearest related in time to 
the transgressing fr)rmation. In order to prove an erosion 
interval preceding such transgressing formation it is neces- 
sary to find its lowest beds to be composed of a conglomerate 
and that they lie non-conformably upon the strata that next 
preceded the disturbance in point of time. In the case of an 
eruptive age it is hardly sutticient to find simply some of the 
upper parts of a sandstone non-conformable upon some of the 
earlier parts of the same formation to warrant the assertion 
of a long land intc^rval between those extremes. 

Further, the origin of the supposed Keweenawan pebbles is 
not so certainly established as would be desirable to prove the 
post-Keweenawan age of this conglomerate. If the situation 
be considered a moment it appears that the quartz-porphyry 
pebbles may have been derived from the south. The pebbles 
from the southern complex must have come from the south. 
That shows the existence of powerful drift from that direc- 
tion. According to the Wisconsin geologists there is a large 
amount of quartz-porphyry associated with the '* Archean" 
quartzytes further south. f These probably are higher in the 

♦The Penokee iron-bearinp series of Michigan and Wisconsin. Men. 
XIX, U. S. Geo). Sur. 

tOeology of Wisconsin, vol. ii, pp. 249, 520. 
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series than Archean, but whatever their age they are likely to 
occur at many points throughout the area of the southern 
complex, or surrounding it, and there would in that case be 
no plausible reason to exclude their debris from that conglom- 
erate. As to the basic eruptives in this conglomerate it would 
probably not be questioned that they may have been derived 
from the volcanics of the "Penokee series" lately described by 
Van Hise in that immediate neighborhood.* The additional 
case, therefore, cit-ed by Van Hise, seems not to strengthen the 
hypothesis of the separateness of the Eastern sandstone from 
the Kew33nawan. In the light of what is now known of the 
wide extension of a basal siliceous conglomerate at the bottom 
of the Keweenawan, it seems to the writer quite reasonable to 
refer this conglomerate to that horizon — especially so since all 
those conglomerates in the Lake Superior region that can be 
referred unmistakably to a higher horizon in the series consist 
wholly, or largely, of Keweenawan debris. Its persistence after 
the erosion and recession of the Keweenawan trap range to its 
present line of strike might be reasonably expected for many 
miles further south. It must have been affected, and ])erhaps at 
first covered by the diabasic floods, and so hardened that in its 
low lying positions it would be almost as durable as the neigh- 
boring granite. 

Finally, it may hd said that all the cited individual cases 
of non-conformity are defective as proof of an extended ero- 
sion interval batvvean the upper part of the Keweenawan,. 
which consists of sandstones quite similar to the horizontal 
sandstones, and those horizontal sandstones. According to 
Irving's estimate the upper fragmental member of the Ke- 
we€^nawan rocks, in which no trap la^'ers are found, consists 
f>f sandstones and shales, usually reddish, which reach the ag- 
gregate thickness of 12,000 or 15,000 i'eet.f It is claimed on 
the foregoing evidence that betwe(»n these and the horizontal 
sandstones the age of the Taconic, or Lower Cambrian, must 
he included. This is the fundamental idea on which the whole 
structure of the "Correlation papers'' of Walcott and Van 
His? is based so far as they discuss the g 'ol igy of this region. 

♦Bulletin Geol. See. Am., vol. v, p. 423. 

tCopper-bearing rocks of lake Sui)eri()r, Mon. v, U. S. Geol. Sur., p. 
151. 
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On it Mr. Waleott has based a reconstruction of the Kewee- 
nawan, or '*pre-Canibrian" continent, and, later, has calcu- 
lated the age of the world on the hypothesis that the sedi- 
ments were accumulated in accordance with its shore-lines, 
while the interior of the continent was elevated above the 
ocean* and was again submerged. 



SUPERIOR MISSISSIPPIAN IN WESTERN 
MISSOURI AND ARKANSAS. 

By Charleh Rollin Keteh. 

It has long been thought that in the western part of the 
Ozark uplift the Lower Carboniferous rocks do not present a 
succession that can be readily paralleled with the more widely 
and better known sequence exhibited at the eastern extremity 
of the elevation. Along the Mississippi river, where the typ- 
ical section of the Lower Carboniferous rocks of the continen- 
tal interior may be regarded as occurring, there are now rec- 
ognized four principal members : the (1) Kinderhook, (2) 
Augusta, (3) St. Louis and (4) Kaskaskia. It has been 
generally considered that the last two of these are unrepre- 
sented in southwestern Missouri and on the western flank of 
the Ozarks, and it was this absence of the upper members of 
the series that gave the Lower Carboniferous of the district 
its apparently anomalous characters. 

Until quite recently very little more than the mere presence 
of Mississippian rocks has been known in southwestern Mis- 
souri and northwestern Arkansas. When the region first 
began to be studied with some detail a few years ago an en- 
tirely new classitication of the rocks was proposed, new names 
were given to the different members and no attempts were 
made to correlate the latter with the better known rocks of 
the same age further to the east. This radical departure from 
the usual <*lassifactory scheme was due partly to a change in 
the ]ith()l<)gi<'al characters of the strata, partly to a misinter- 
pretation of facts and partly to insutticient familiarity with 
th^ nean^st Ix^ds of like age along the Mississippi river. 

*Th(' North Aineriran Continent during Cambrian time, 12th Annual 
R?p;)rt U. S. Geol. Survey, 181)0 91. Plates XLII and XLIII; Correla- 
tion Pa])-rs, Bulletin 81. I8i)l, Plates II and III: CTeologic Time, as in- 
dicated by th e sedimentary rocks, Am. Geouhjist, vol. xri, p. 343. 
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In g^ographieal extent th^ roi^ks of th'i Mississippian Retries 
present some striking peculiarities which have an important 
bearing upon the question of the range and character of the 
contained faunas. Beginning in north-central Iowa near the 
Minnesota line, where th^ Carboniferous passes bimeath the 
Cretaceous, the Mississippian rocks extend southeastward in 
a broad belt to the river from w^hich the formation takes its 
name. From southern Iowa the Lower Carboniferous lime- 
stones continue southward along the great stream on the east- 
ern border of the Ozark uplift and sweep through Kentucky 
and Tennessee into Alabama. In northeastern Missouri 
another zone stretches around the northern and western flanks 
of the uplift through southwestern Missouri, northwestern 
Arkansas and Indian Territory, extending, discontiriuously 
probably, as far as New Mexico. 

The Lower Carboniferous rocks which are exposed along 
the Mississippi river were carefully studied and the fossils 
and succession of beds clearly made out long before any other 
portion of the area had been satisfactoril}" determined. It 
was (m this account and for the reason that the rocks of this 
age are so excellently and fully exposed on the stream that it 
became eminently proper to designate the strata as the Mis- 
sissippian series. The section disclosed thus becomes the 
principal one and the standard of comparison. To it sections 
of different localities in the interior basin must bi» referred 
and with it all correlations made. 

A review of the geological work done previous to 1891 in 
southwestern Missouri and the adjacent territory shows clearly 
that not only difficulties of interpretation were encountered 
but that no serious attempts were made to compare the suc- 
cession with those of other localities. The want of details and 
the uncertainty which surrounded the various accounts of the 
region have been in great measure relieved by recent personal 
visits to some of the more important localities. The inferior 
portion of the Lower Carboniferous was found to be as fully 
developed and as clearly defined as in the typical localities in 
Bcmtheastern Iowa. The superior portion of the series — that 
part comprising the St. Louis and Kaskaskia limestones — did 
not appear to be represented. Only a few of the localities ex- 
amined gave evidence of the higher faunas and none of th;*se 
-were conclusive enough t'» setth* the question satisfactorily. 
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In order that th? Reftions in southwestern Missouri might 
be accurately correlated with the typical localities as a ba-^is 
for future detailed work, th? Lower Carboniferous strata w^re 
carefully traced from Iowa southward along the eastern bor- 
der of the state, all the original localities w?re examined in 
detail and full collections of fossils made. From northeastern 
Missouri the strata were similarly traced across th? state into 
the southwest. The Kinderhook, upper Burlington and lower 
Burlington limestones were found to extend the entire distance 
with almost no lithological or faunal changv^ But with the 
Keokuk and higher formations of th? LoWv.»r Carboniferous, 
which are so well displayed in southeastern Iow.i, som^ stiut- 
ling facts develop?d in progressing southw^stward. Aft?r 
passing the Missouri river where, at Boonville, these rocks 
occur with abundant and characteristic fossils, the Keokuk 
b'?ds soon vanished. At S?dalia and for fifty miles beyond no 
Keokuk or higher beds of the Lower Carboniferous limestone 
appeared to b? exposed ; and the Coal Measures rested directly 
upon the Burlington. This was indeed clearly demonstrated 
by Broadhead* nearly a quarter of a century ago. It is at 
this part of its southwestern ext<?nsion, in Pettis, Benton and 
St. Clair counties, that the Lower Carboniferous zone abruptly 
narrows from a width of 75 miles on the north and the south 
to less than a dozen miles. At some points the belt is reduced 
to a mere thread, as it were, that is, with only a limited ver- 
tical exposure disclosed by some stream, the Chouteau lime- 
stone being below and the Coal Measure shales in the blutFs 
above. Such a place was at the Osage river. Repeated 
searches and rather extensive collections of fossils from the 
various levels failed to disclose anything of the Lower Car- 
boniferous above the Burlington. 

Probabl}" the feature which most disguises the Lower Car- 
boniferous rocks of southwestern Missouri is the great preva- 
lence of chert ; and in the absence of a careful examination of 
the fossils much difticultv has been encountered in the inter- 
pretation of the stratigraphical problems presented. Further- 
more, it is a striking fact that of all the references to the 
geology of the region under consideration no definite mention 

*Mi5S(niri Geol. Siir., Kej-ort on Iron ores and Coal Fields, Ft. IL pp. 
1(52. New York, 1873. 
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is made to rocks belonging to the upper half of the Mississip- 
pian series. Farther south, in Arkansas, the upper part has 
been reported, to be sure, but it has not been paralleled with 
the St. Louis and Kaskaskia formations at the eastern end of 
the Ozark uplift and a new name has been applied, both 
members being taken together. 

It is therefore of considerable interest that the higher fau- 
nas have been recognized recently at a number of points, the 
principal places being Golden City, Joplin and Seneca in Mis- 
souri, and at Blancett mountain, near Garfield station on the 
St. Louis and San Francisco railroad, in northern Arkansas, 
three miles from the Missouri boundary line. 

The locality near Golden City is three miles northeast of 
the town, in Dade county, on the border of the Coal Measures. 
At this place were found large numbers of Lithostrofion mam- 
illare the widely distributed coral so characteristic of the St. 
Louis limestone. In the neighboring county this fossil also 
occurs along with th3 widaly kn')wn echinoid 3fe!onit,es mtilti- 
pora. 

At Blancett, Prof. G. (.'. Broadhead colU^cted, as much as a 
dozen years ago, a number of fossils, which until recently 
were not carefully examined and remained unidentified. The 
species that were'most abundant were: 

Spirifer increbescens Hall. Agassizocrinus gibbttsus Hall. 
AgassizocrlnuH dactyliformis Troost. 

At a point one and one-half miles north of Joplin a large num- 
ber of bryozoans and brachiopods have been found. Mr. R. R. 
Rowley also collected considerable numbers which were exam- 
ined. Several species of Chonefes, Terehmfuhi^ RhijnchoncUa, 
liefzia and PhilUpsiti were secur(»d but liave not been as yet 
satisfactorily identified. The bryozoans were, moreover, sub- 
mitted to Mr. E. O. Ulrich, who inde|)endently determined all 
of them as characteristic Kaskaskia forms. The principal 
species found were : 

A'junsiiK'riu m dactyl if a v m i s Rhoinbopora persim ill's Ulrich. 

Troost. Mcehojtora a]}pr<).riin<it(f Ulrich. 

A'j iHsiocrinuis gibbf).ins Hall. Prisjiiopora s('rrn/at(( Ulrich. 

Spiriferina spinosa Hall. Prisuiopora, Hp. nov. 

Athyris sublamellosa Hall. Strebfoirypa nicklcsi Ulrich. 

Pntdui'tuH parvna Meekit Worth- Stiu>bIotryp:i siff).'<jtinftsn Ulrich. 

en. S'ptitpitva sn!npnidrtins Ulrich. 
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ProitHctus aetigeniH Hall. Polypora corticoita Ulrich. 

StenojJora raniosa Ulrich. Fenentelia centr tenuis Ulrich. 

AnistryjM aoUda Ulrich. Fenentella flexuosa Ulrich. 

Anistrypa fintuioHa (Kaskaskia Archimedes cotnpactus Ulrich. 
variety.) Archimedes intermedins Ulrich. 

Batostomella abrupta Ulrich. Archimedes invaginatus Ulrich. 

The Seneca speeimenH are not now at hand and a list of 
them cannot now be given. 

The fossils taken indicated clearly that they belong t^ th.e 
Kaskaskia fauna. The crinoids and bryozoansare particularly 
characteristic species of the typical locality of that formation 
on the Mississippi river, and are also widely distributed forms 
which range through Kentucky and beyond. 

These limited deposits of Kaskaskia rocks are clearly rem- 
nants of beds which were once much more widely distributed 
but have been almost entirely obliterated through erosion. 
Further south in the Boston mountains of northwestern Ar- 
kansas they are th(uight to be extensively developed. 

From what has been said it may be inferred that, in south- 
west Missouri : 

1. Both the inferior and superior portions of the Mississip- 
pian or Lower Carboniferous are present. 

2. In faunal, lithological and stratigraphical features the 
Burlington limestones are practically the same as at the typi- 
cal locality and that throughout this wide range their charac- 
teristics are remarkably well preserved. 

3. The upper part of the superior portion of the Lower Car- 
boniferous is not well represented and is altogether absent 
over much of the area. 

4. The uppermost member of the series contains the typical 
Kaskaskia fauna. 

5. The Coal Measures rest unconformably on all the older 
strata represented in the district, and in the vicinity of Seda- 
lia and to the southward the overlap is very much more pro- 
nounced than elsewhere. 

The explanation of the somewhat unamolous features pre- 
sented by the Lower Carboniferous formations of southwest 
Missouri is found in the stratigraphical rather than in the 
faunal evidence. Further, the physical changes that the re- 
gion has undergone are corroborated by the phenomena which 
are known to have taken place in other parts of interior basin. 
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It is now pretty well established that ever sinee the earliest 
times, from the period when the North American continent 
first began to raise itself above the boundless sea, the Ozark 
region has been a district of constant movement. 

In the Carboniferous rocks which are exposed in almost con- 
tinuous section for nearly 300 miles along the Mississippi 
river the records of a number of oscillations have been recently 
made out. Immediately preceding the deposition of the 
Lower Carboniferous there was certain slight uprisings. 
Notable warpings of the earth's crust also took place at the 
beginning of the St. Louis, of the Kaskaskia and of the Coal 
Measures. The idea of a line of unconformity existing at the 
base of the St. Louis was first brought out by White. It has 
later also been suggested by Williams for Arkansas. At the 
top of the St. Louis exists the most prominent disparity in 
sedimentation, one only approached by that at the base of the 
Coal Measures. Along the line of the present Mississippi 
river the shore line moved rapidly southward far beyond any 
point previously reached and littoral deposits were laid down 
below the mouth of the Missouri. A similar sequence of 
events appear to be disclosed in southwest Missouri. 



GLACIAL NOTES FROM THE PLANET MARS. 

By E. W. Claypole, Akron, Ohio. 

In connection with the much discussed Glacial era of our 
planet's history it would be of great interest to obtain definite 
kn(»wledge of the possibility or reality of similar conditif)ns on 
some other planet in our system. Nor does such knowledge 
seem altogether unattainable, though one planet alone thus far 
has afforded the slightest prospect of success in the effort to 
secure it. Mars has, ever since telescopes of sufficient power 
were first turned to his disc, presented to the eye appearances 
so strongly suggestive of that which our earth would ])resent 
to a Martian astronom',»r as to inevitably suggest a <*ompari- 
son, if not a resemblance. It is indecnl diflficult to avoid the 
conviction that the white masses on the poles of Mars as they 
emerge from their long winter are really snow-caps. Their 
constant occurrence, their regular seasonal diminution during 
the past two hundred years as the poles alternatel}' come out 
into the strpng sunlight, and the total disappearance of one of 
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th^-m. for th#- fir^t tiin#? si life oh?»«fn-iition:» Wgan. during ih^ 
\h**i Martian *fjmnif-r of 18!>4. form an ar^ment ?<4» -strong a> 
Up \f*' Hlw*f*t d^monj»trative in suppr>rt of thi?* long entertained 
opinion, Thej bring thi?» planet, our nearest superior neigh- 
iKfr in the ^ij^^tem. into verr clr>jje analogy with our own globe. 
It i-« */'areelr relevant lo conjure up theoretical objection:? 
drawn from fKw*j*ible but imaginary ditference?j between the 
physical constitution of the earth and Mars^. Not the slight- 
ent ground** exi«t for ^upposring j»uch ditference?^. The com- 
munity of material through the universe is so well proved and 
the afw»ence from the other planets of all elements other than 
tho«f with which we are familiar justifies us in assuming iden- 
tity and in fjelieving that the white caps of Mars are C!>uip »sed 
of real snow and ice. 




FAPLANATION OF DlACiRAM. 

Projoctioii (»f tli(» orbits of tlio Eartli anil Mars on tin* plane of tlio Ecliptic. 
l'I\ IN'riliolion point. Karth HM**^ l^ni^'. Mars :ct>'^ Lon^'. 
SVK. SoutluTn Vt'rnal E<piinox. Mars :C»4^ Lon^. 
SSS. Southern Summer Solstice. 
SAE. " AiItuuHial Equinox. 
SWS. '• Winter Solstice. 
S 1. Eccentricity of orbit of Earth. 
S2. *' Mars. 
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The recent opposition of Mars has been industriously util- 
ize<l by various astronomers in securing observations under 
very favorable circumstances. As may be seen from our fig- 
ure, Mars and the earth can seldom be better placed for this 
purpose than they were during the summer and autumn of 
1894. Mars being in i>erihelion and the earth at mean dis- 
tance, the two globes were coursing along through space side 
by side with an interval of less than 50 million miles between 
them. Moreover, the illumination of Mars was at a maximum, 
the bright side being directed toward the night side of the 
earth so that he was visible from sunset to sunrise for several 
months. 

This admirable opportunity of scrutinizing the surface of 
our neighbor planet led to the confirmation of some previ- 
ous opinions and the discovery of not a few details.* From va- 
rious sources the following account of our present knowledge 
and belief, as based on the researches of past and present as- 
tronomers, has been compiled. 

As already mentioned, the polar snows annually melt and 
diminish, and during the recent Martian summer the southern 
snow-cap entirely disappeared evidencing an unusually hot 
season. During its diminution there was seen bordering it a 
dark band of unequal breadth, but averaging in June, 1894, 
about two hundred miles. *'It was the darkest marking on 
the disc and was blue.*' (Lowell.) 

The snow-cap extended down to ()7^® south latitude so that 
the dark boundary band was at least 6^ in width and its 
northern end lav in south latitude ()H^. Of it Mr. Lowell of 
the Flagstaff Observatory in Arizona says: ''The formation 
was water bi^yond a doubt, for it was of the color of water, it 
faithfully followed the melting of the snow, audit subsequent- 
ly vanished — three indepc'ndent facts* mutually confirmatory 
of this conclusion."' 

Following the appearance of tiie water band, says Mr. Low- 
t'll, the well known system of Martian canals shanks in the 
deepening of the color but teni|)()rari]y and in south-north 
succession. The so-called sc^as through whicii the canals pass 
share also in the change of tint. (Gradually this dark hue 
spreads toward the planet's equator.. One after another the 
markings on the surface become blue-green and in similar or- 
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der pufift back in a phort time to their original yellow color or 
invisibility. 

On the view adv(X*atecl by Mr. Lowell the melting of the 
Houth polar snow-cap produces a glacial lake extending from 
the ice-front for two hundred miles to the northward and 
probably deepest where it is in contact with the ice. The 
steady increase of the lake at last enables it to throw oif its 
water through the so-called *' canals/' and with the arrival of 
these streams the growth of vegetation commences and gives 
the blue-green tint so much insisted on by that author. With 
the disappearance or great reduction of the polar cap the wa- 
ter disappears, vegetation dies and the surface of the planet 
returns to its wonted fiery tint. In Mr. Lowell's words the 
polar ice-dammed sea is the "Deus ex machina" to the sum- 
mer life of the planet. Mars being short of water draws on 
its polar reservoir for an annual supply. 

Mars would on this view be in the same condition as some 
of the arid regions of the earth where a short wet season de- 
velops an equally short-lived period of vegetation and j>erhaps 
of animal life. The so-called seas would be the lowest parts 
of the surface through which water passes at annual intervals 
but in which it does not continually remain. With his scanty 
allowance of air and water the planet shows a stage of being 
considerably more advanced than that of our own earth where 
water is still almost everywhere abundant and air the cheap- 
est necessity of life. This is in keeping with what might he 
expected from his great distance from the sun and his smaller 
size. Internal cooling may be assumed to be more nearly com- 
plete. 

There is no doubt concerning the excessive tenuity of the 
Martian atmosphere. Delicate tests have many times failed 
to detect it and this fact has led to the denial of it« existence 
by many observers. But the peculiar hazy appearance that 
veils the structural details near the edge of the planet's disc 
justifies Mr. Lowell in the conclusion that a thin atmosphere 
of some kind must exist. And if we admit the presence of 
water as shown above, there must certainly be, at least locally 
and temporarily, an atmosphere of water- vapor of tension va- 
rying with the temperature. Assuming other conditions as on 
the earth, this tension would at 32^ Fahrenheit equal 0.2 
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inches of the mercurial barometer, and at 80^ Fahrenheit it 
would equal an inch. One curious effect that must follow is 
the rapid transfer of the vapor from the sunny to the shady 
side of the planet. The rapid evaporation that must accom- 
pany the high temperature of the Martian summer day must 
produce an aqueous atmosphere of considerable tension which 
must immediately flow olf, more or less completely, to the op- 
posite hemisphere and then condense, probably at once, to the 
solid form. If, as Schiaparelli says, the northern snow-cap 
does not begin to increase until a month after the occurrence 
of the northern vernal equinox, it follows that the shady side 
of the planet cannot be intensely cold or that the quantity of 
water thus transferred is not very great. Both conclusions 
are probably true. Possibly the condensation of the vapor 
near the edge may in part cause the haze there noticed. 

There can be no doubt that of whatever material the as- 
sumed atmosphere may consist it is exceedingly rare in com- 
parison with our own. Mr. Lowell concludes that "in con- 
stitution it does not differ greatly from our own and that it is 
heavily charged with water-vapor, but that its density is less 
by a half than that of the air at the summit of the Himalay- 
as." This would equal a. mercurial column (on the earth) of 
about three inches. Under such conditions movement would 
be easy and the transfer of gas or vapor from place to place 
exceedingly rapid. 

From what has been above said it is obvious that no true 
glacial conditions exist on Mars at present. His polar snow- 
caps form regularly every twenty-two months and have done 
so for two centuries past. But they never extend beyond the 
frigid zones of the planet and with the returning sun of sum- 
mer they waste and dwindle, and, as already mentioned, that 
on the south pole has actually disappeared during the just 
ended southern summer. Not so with the earth. Observation 
fails to show any marked reduction of the Antarctic ice-cap 
during our Antarctic summer. It is true that the correspond- 
ing season on Mars is t«n months long instead of six. But we 
must bear in mind that thecorresponding winter lasts through 
a whole terrestrial year. It is, however, possible that water 
on Mars is so scarce that no great addition could be made 
to the polar ice-fields by any increase in the lengtii of the 
winter. 
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The relative distances of the earth and Mars from the sun 
being as 1 : 1.5, the light and heat that they receive is in pro- 
portion to 9 : 4. Consequently the sunlight and sun heat on 
Mars are a little more than half as strong as that we feel. 
Yet in spite of this diminution his jK^lar regions are kept above 
the freezing point throughout the summer and his polar ice 
nearly or altogether disappears. The excessive tenuity of his 
atmosphere, rendering cloud and fog almost impossible, may 
combine with the s<*arcity of water above mentioned to pro- 
duce this result. 

The aqueous vapor of which his atmosphere may in great 
part consist is a third factor in the problem. By retaining 
near the surface of the planet the reflected solar heat the tem- 
perature of the lower layers must be considerably raised by 
day and their cooling by radiation equally reduced at night. 
The combined result is apparently to render the Martian cli- 
mate far from intolerable during the summer, and the contin- 
ued flow of vapor and its condensation must to some degree 
at least mitigate the otherwise intense severity of the long 
twelve-month winter. 

In considering the glacial relations of Mars it must be fur- 
ther remembered that the eccentricit.v of his orbit far exceeds 
that of our own earth at present or that which it has attained 
at any known epoch in the past. These two amounts are rep- 
resented by the figures 0.01617 and 0.09326 respectively. The 
latter is nearly six times as great as the former. The axes of 
the orbits and the perihelion and aphelion distances of the 
planets also greatly vary. At the southern summer solstice 
the earth is about three million miles nearer to the sun than 
in midwinter. But Mars at the same season is twenty-eight 
million miles nearer than at his southern winter solstice. One 
consequence of this is the lengthening of the latter season. 
On the earth at the present time the southern summer is eight 
davs shorter than the winter, but on Mars the ditference in the 
same direction amounts to 74 days, the planet spending 306 
days in the perihelial and 380 days in the aphelial division of 
its orbit. If the eccentricity were the main cause of glacial 
climates Mars must then be in a verv favorable condition for 
glaciation. But as it is possible that his eccentricity may 
yet reach the yet higher figure of 0.14224 these conditions are 
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not yet at their maximum, for in the latter ease the Martian 
winter can exceed his summer by about 110 days. This would 
produce a winter of 398 and a summer of only 288 days. 

When we recall to mind the meteorological conditions of 
our own south polar regions it is scarcely possible to doubt 
that if eccentricity were the dominant factor in producing an 
ice-age there should be evidence of more extensive Antarctic 
snows on a planet possessing nearly the same inclination as 
the earth but an orbit six times as eccentric. On the earth S. 
Georgia, in latitude 55®, is covered with snow "many fath- 
oms deep at the sea-level and in the height of summer."* 

Another fact deserves mention in this connection. Accord- 
ing to the " eccentricity theory" the north polar region of 
Mars should now be enjoying a warm interglacial climate. 
The inclination of his axis, which in amount is nearly equal 
to that of the axis of the earth, is such as to bring his north 
pole into the sunlight during the long aphelion passage of 
twelvemonths. Says Dr. Croll in "Climate and Time" (p. 
237) : "As the cold periods in the southern hemisphere become 
more and more severe, the ice would continue to advance 
northwards in the temperate regions; but at that very same 
time the intervening warm periods in the northern hemisphere 
would become warmer and warmer and more equable, and the 
ice of the arctic regions would continue to disappear farther 
and farther to the north, till by the time that the ice had 
reached a maximum during the cold antarctic periods, Green- 
land and the arctic regions would, during the warm interven- 
ing periods, be probably free of ice and enjoying a mild and 
equable climate." 

Instead of this, however, we find the north pole of Mars 
capped with its snow and ice as regularly and almost as ex- 
tensively as his south pole, and this wintery accumulation 
lasts as long into the northern summer as does its southern 
counterpart into the warm season of the southern hemisphere. 
If any difference existed between the glacial condition of the 
two planets it should be one that indicates grenter intensity 
both of the cold and warm eras on Mars in consequence of the 
high eccentricity that now elongates his orbit so far beyond 
that of the earth. 

♦Capt. Cook's Second Voyage, vol. ii, p. 232, 1875. 
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It ifi true that at least one astronomer entertains an opinion 
radically different from those above summarized and which 
are shared by most observers. Mr. Holden, of the Lick Ob- 
servatory, in the North American Review for. May, 1895, 
writes on the spectroscopic observations of Prof. Campbell on 
Mars during the spring and summer of 1894. From a com- 
parison between the absorption bands shown in the spectra of 
that planet and the moon this observer draws the conclusion 
that *' there is no more evidence of aqueous vapor or of an at- 
mosphere on the former than there is on the latter. And it is 
in the highest degree unlikely that Mars has an atmosphere 
anything like as dense as the earth's atmosphere at the sum- 
mit of the Himalayas." 

Hence Mr. Holden concludes that "the lakes, oceans, etc., 
have all vanished with the aqueous vapor. It is very unsat- 
isfactory, no doubt, to be unable to answer many questions" 
regarding this planet, but '*it is satisfactory to have taken the 
very important step of clearing the way by sweeping out of 
sight the fabric of assumptions that have barred the path." 

This iconoclastic opinion is in itself so sweeping and soli- 
tary that in spite of its positive tone and the high position of 
the Lick Observatory we may be excused for declining to ac- 
cept it without reserve so long as observers equally experi- 
enced and equally careful cling to their opposing views. We 
are the more fully justified in so doing by recalling the fact 
that Mr. Holden's opinion is qualified with the proviso that 
"the atmosphere of Mars cannot be anything like as dense as 
the earth's atmosphere at the summit of the Himalayas," while 
Mr. Percival Lowell only claims one "less than half of that 
density, though charged with aqueous vapor." So modified a 
denial of previous observations is by no means tantamount to 
disproof. 

Morover, several emphatic contradictions of Mr. Holden's 
conclusions have lately appeared in print. Prof . Huggins and 
Prof. Vogel have both afiirmed in the Astrophysical Journal 
that a comparison of the spectra of Mars and the moon does 
show a difference that indicates absorption really due to the 
atmosphere of Mars. And Mr. Jewell in the same periodical 
for April last says that unless the amount of vapor in the at- 
mosphere of Mars is greater than that in October in Baltimore 
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it is useless to look for its evidence in the spectrum with our 
present means. 

In general, therefore, it appears safe to conclude that the 
polar caps of Mars are really composed of snow and therefore 
prove the existence of water on his surface, — that they prove 
a variation of climate with latitude like our own, — that they 
prove by melting on emergence into sunlight that approxi- 
mately similar laws control the freezing of water and the 
thawing of ice there and here. 

It is also obvious from what has here been summed* up that 
Mars affords no evidence in support of the eccentricity theory 
of glacial cold, though his conditions are at present such as 
to favor a state of intense glaciation in his southern hemi- 
sphere. But exactly how far this inference may be modified 
by the apparent scarcity of water and therefore of snow on 
the planet is a point not easy at present to be determined. 
For obviously if the supply of vapor be small no degree of cold 
or length of winter can produce more than a corresponding 
quantity of polar snow. For this reason the presence of a 
north polar snow^-cap during an interglacial period is evidence 
of greater importance. 

It is further to be noted in the same direction that we find 
no evidence whatever of the intenser climate which the eccen- 
tricity theory would lead us to look for on the planet Mars. 
His snow-caps extend no farther south than do those of the 
earth. Indeed we cannot say that they extend so far. In a 
severe American winter the snow field is often continuous from 
the pole to the middle states or to about the parallel of 85^ 
north. Not infrequently the whole northern part of the con- 
tinent is sheeted in white. Nothing of the kind has ever been 
seen on Mars. Yet a layer of snow a few inches in thickness 
would be just as conspicuous as one of greater depth. If also, 
according to Schiaparelli's observation already referred to, 
the north polar ice-cap does not form until after the vernal 
equinox of that hemisphere has passed, the fact shows a sur- 
prising power of retaining the heat of the long summer. It 
would also seem as if the climate of Mars, in spite of greater 
distance from the sun and the high eccentricity of liis orbit, 
was really milder than our own. And it would be an inter- 
esting question in physics, but scarcely cognate with our pres- 
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ent subject, to enquire how far such a climate might be in- 
duced by the presence of an atmosphere in great part, or al- 
most entirely, composed of aqueous vapor. 



CORRELATIONS OF STAGES OF THE ICE AGE IN 
NORTH AMERICA AND EUROPE. 

By Warren Upham, Cleveland, Ohio. 
(Plates V and VI.) 

P^xploralion of the European terminal moraines and other 
drift deposits by two Americans, Prof. H. Carvill Lewis in the 
British Isles, and Prof. R. D. Salisbury in Germany, less than 
ten years ago, laid the foundations for determining the geo- 
logic equivalency of the successive parts of the drift series in 
North America and Europe. Salisbury especially noted that 
the marginal moraines of northern Germany lie, as in the 
United States, at some distance back from the limits of the 
drift. 

Studies by many observers have shown that on both conti- 
nents the border of the drift along the greater part of its ex- 
tent was laid down as a gradually attenuated sheet; that the 
ice retreated and the drift underwent much subaerial erosion 
and denudation ; tliat renewed accumulation and growth of 
the ice-sheet, but mostly without extending to its earlier lim- 
its, were foHowed by a general depression of these burdened 
lands, after which the ice again retreated, apparently at a 
much faster rate than before, with great supplies of loess from 
the waters of its melting; that moderate re-elevation ensued, 
and that during the farther retreat of the ice-siieet prominent 
moraines were amassed in many irregular but roughly paral- 
lel belts, where the front at successive times paused or re-ad- 
vanced under secular variations in the prevailingly temperate 
and even warm climate by which, between the times of forma- 
tion of the moraines, the ice was rapidly melted away. 

Such likeness in the sequence of glacial conditions probably 
implies contemporaneous stages in the glaciation of the two 
continents; and the present writer believes that it is rather 
to be interpreted as a series of phases in the work of a single 
ice-sheet on each area than as records of several separated 
and independent epochs of glaciation, ditfering widely from 
one another in their methods of depositing drift. The latter 
view, however, is held by James Geikie, Penck, De Geer, and 



Ice Affe til North Americn and Europe, — Upham. 101 

others in Europe; and it has been regarded as the more prob- 
able also f ')r America by Chamberlin, Salisbury, McGee, and 
oth':'rs. 

Under this view, Geikie distinguishes no less than eleven 
stages or epochs, glacial and interglacial, which he has very 
recently named,* since the publication last year of the new 
edition of his *'Great Ice Age," in which, however, they were 
fully described. These divisions of the GlaOial period are as 
follows: 1. The Scanian or first glacial epoch; 2. The Nor- 
folkian or first interglacial epoch ; 3. The Saxonian or second 
glacial epoch ; 4. The Helvetian or second interglacial epoch ; 
5. The Polandian or third glacial epoch ; (5. The Neudeckian 
or third interglacial epoch ; 7. The Mecklenburgian or fourth 
glacial epoch ; 8. The Lower Forestian or fourth interglacial 
epoch; 9. The Lower Turbarian or fifth glacial epoch; 10. 
The UpiK?r Forestian or fifth interglacial epoch; and 11. The 
Upper Turbarian or sixth glacial epoch. 

The earliest application of such geographic names to the 
suecessive stages and formations of the Ice age appears to be 
that of Chamberlin in his two chapters contributed to the new 
third edition of Geikie's admirable work before mentioned, in 
which he names the Kansan, East lowan, and East Wisconsin 
formations. For the second and third he has since adopted 
the shorter names, lowan and Wisconsin, which were suggest- 
ed by a review in the American Geologist (vol. xv, j). 5(5). 
This classification he has also more recently extended, the in- 
terglacial stage and deposits between the Kansan and lowan 
till formations being named Aftonian, and the Toronto inter- 
glacial formation being thus named and referred, with some 
doubt, to an interval between the lowan and Wisconsin stages. 
Chamb?rlin correlates, with a good degree of confidence, his 
Kansan stage of maximum North American glaciation with 
the maximum in Europe, which is Geikie's Saxonian epoch ; 
the Aftonian stage as Geikie's Helvetian; the lowan as the 
European Polandian; and the Wisconsin or moraine-forming 
stage of the United States as the Mecklenburgian, which was 
the stage of the "great Baltic glacier'' and its similarly well 
developed moraines. f 

*Journal of Geology, vol. in, pp. 241-2G9, April-May, 181)5. 
tJournal of Geology, vol. in, pp. 270-277, April-May, 189'). 
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According to the law of priority, the names of the Kansan, 
lowan, and Wisconsin formations and stages should also be 
applied to these European divisions of the Glacial series, for 
the studies of Geikie and Chamberlin show them to be in all 
probability correlative and contemporaneous. Plates V and 
VI therefore employ these names for both our own continent 
and Europe, giving the boundaries of these formations as 
mapped in "The Great Ice Age," and adding for the northeast- 
ern United States and Canada the Warren, Toronto, Iroquois, 
and St. Lawrence stages in the glacial recession, nearly as in- 
dicated in the writer's recent article on the glacial representa- 
tives of the Laurentian lakes and on the Late Glacial or Cham- 
plain subsidence and re-elevation of the St. Lawrence river 
basin.* 

Differing much from the opinions of Geikie, and less widely 
from those of Chamberlin, concerning the importance, magni- 
tude, and duration of the interglacial stages, but agreeing 
with Dana, Hitchcock, Wright, Kendall, Falsan, Hoist, Niki- 
tin, and others, in regarding the Ice age as continuous, with 
fluctuations but not complete departure of the ice-sheets, my 
view of the history of the Glacial period, comprising the Gla- 
cial epoch of ice accumulation and the Champlain epoch of 
ice departure, may be concisely presented in the following 
somewhat tabular form.f The order is that of the advancing 
sequence in time, opposite to the downward stratigraphic order 
of the glacial, fluvial, lacustrine, and marine deposits. 

Epochs and Stages op the Glacial Period. 
/. 7'he^ Glacial Epoch, 

1. The culmination of the Lafayette epeirogenic up- 
lift, aifecting both North America and Europe, raised the 
glaciated areas to so high altitudes that they received snow 
throughout the year and became deeply ice-enveloped. Val- 
leys and fjords show that this elevation was 1,000 to 4,000 
feet above the present hight. 

Rudely chipped stone implements and human bones in the 
phiteau gravels of southern England, 90 feet and higher above 



♦Am. Jour. Sci., Ill, vol. xlix, pp. 1-18, with map, Jan., 1895. 

jA partial outline of this correlation of North American and European 
glacial and interglacial stages was first published in the American Nat- 
uralist, vol. XXIX, pp. 235-241, March, 1895. 
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the Thames, and the similar traces of man in high terraces of 
the Somme valley, attest his existence thjere before the maxi- 
mum stages of the uplift and of the Ice age. America ap- 
pears also to have been already peopled at the same early time. 
The accumulation of the ice-sheets, due to snowfall upon 
their entire areas, was attended by fluctuations of their grad- 
ually extending boundaries, giving the Scanian and Norfolk- 
ian stages in Europe, and an early glacial recession and re- 
advance in the region of the Moose and Albany rivers, south- 
west of Hudson bay. 

2. Kansan stage. Farthest extent of the ice-sheet in the 
Missouri and Mississippi river basins, and in northern New 
Jersey. The Saxonian stage of maximum glaciation in Eu- 
rope, 

Area of the North American ice-sheet, with its development 
on the Arctic archipelago, about 4,000,000 square miles; of 
the Greenland ice-sheet, then somewhat more extended than 
now, 700,000 square miles or more, probably connected over 
Grinnell land and Ellesmere land with the continental ice- 
sheet [the area of Greenland is approqimately 680,000 square 
miles, and of its present ice-sheet, 575,000 square miles] ; of 
the European ice-sheet, with its tracts now occupied by the 
White, Baltic, North, and Irish seas, about 2,000,000 square 
miles. 

Thickness of the ice in northern New England and in cen- 
tral British Columbia, about one mile; on the Laurentide high- 
lands,* probably two miles; in Greenland, as now, probably one 
mile or more, with its surface 8,000 to 10,000 feet above the 
sea; in porticms of Scotland and Sweden, and over the basin 
of the Baltic sea, a half mile to one mile. 

3. Helvetian ok Aftonian stage. Recession of the ice- 
sheet from its Kansan boundar}'- northward about 500 miles to 
Barnesville, Minn., in the Red river valley; 250 miles or more 
in Illinois, according to Leverett; but probably little between 
the Scioto river, in Ohio, and the Atlantic coast, the maximum 
retreat of that portion being 25 miles or more in New Jersey. 
A cool temperate climat? and ccmiferous forests up to the re- 
ceding ice border in the upper Mississip])i region. Much eros- 
ion of the early drift. 

The greater part of thi drift are:i in Russia permanently re- 
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linquished by the much diminished ice-sheet, which also re- 
treated considerably on all its sides. 

During this stage the two continents probably retained 
mainly a large part of their preglacial altitude. The gla- 
cial recession may have been caused by the astronomic cy- 
cle which brought our winters of the northern hemisphere in 
perihelion between 25,000 and 15,000 years ago.* 

4. lowAN STAGE. Renewed ice accumulation, covering the 
Af tonian forest beds, and extending again into Iowa, to a dis- 
tance of 350 miles or more from its most northern indentation 
by the Af tonian retreat, and re-advancing about 150 miles in 
Illinois, while its boundary eastward from Ohio probably re- 
mained with little change. 

The Polandian stage of renewed growth of the European 
ice-sheet, probably advancing its boundaries in some portions 
hundreds of miles from the Helvetian retreat. 

IF. The Champlain Epoch, 

5. Champlain subsidence ; Neudeckian stage. Depres- 
sion of the ice-burdened areas mostly somewhat below their 
present hights, as shown by fossiliferous marine beds overly- 
ing the glacial drift up to 300 feet above the sea in Maine, 560 
feet at Montreal, 300 to 400 feet from south to north in the 
basin of lake Champlain, 300 to 500 feet southwest of Hudson 
and James bays, and similar or less altitudes on the coasts of 
British Columbia, the British Isles, Germany, Scandinavia, 
and Spitzbergen. 

Glacial recession from the lowan boundaries was rapid un- 
der the temperate (and in summers warm or hot) climate be- 
longing to the more southern parts of the drift-bearing areas 
when reduced from their great preglacial elevation to their 
present hight or lower. The finer portion of the englacial 
drift, swept down from the ice-fields by the abundant waters 
of their melting and of rains, was spread on the lower lands 
and along valleys in front of the departing ice as the loess of 
the Missouri, the Mississippi, and the Rhine. Marine beds 
reaching to a maximum hight of about 375 feet at Neudeck, 
in western Prussia, give the name of this stage. 

6. Wisconsin stage. Moderate re-elevation of the land, in 
the northern United States and Canada advancing as a perma- 

*Am. Geolocjist, vol. XV, pp. 201, 255, and 293, March, April, and 
May, 1895. 
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nent wave from 8outh to north and northeast; continued re- 
treat of the ice along most of its extent, but its maximum ad- 
vance in southern New £ngland, with fluctuations and the 
formation of prominent marginal moraines ; great glacial lakes 
on the northern borders of the United States. 

The Me<'klenburgian stage in Europe. Conspicuous moraine 
accumulations in Sweden, Denmark, Germany, and Finland, 
on the southern and eastern margins of the great Baltic gla- 
cier. No extensive glacial re-advance between the lowan and 
Wisconsin stages, either in North America or Europe. 

7. Wauren stage. Maximum extent of the glacial lake 
Warren, held on its northeast side by the retreating ice bor- 
der ; one expanse of water, as mapped by Spt»ncer, Lawson, 
Taylor, Gilbert, and others, from lake Superior over lakes 
Michigan, Huron, and P>ie, to the southwestern part of lake 
Ontario; its latest southern b?ach traced east bv Gilbert to 
Crittenden, N. Y., correlatc»d by L^verett with the Lockport 
moraine.* 

This and later American stages, all of minor importance and 
durati3n in comparison with th? preceding, cannot probably 
be shown to be equivalent with GeikieV European divisions 
belonging in the same time. Successive American boundaries 
of the receding ice-sheet are noted as on Plate V, in accord- 
ance with studies of the Laurentian series of glacial lakes. 

8. Toronto stage. Slight glacial oscillations, with tem- 
perate climate nearly as now, at Toronto and Scarboro\ Ont., 
indicated by interbedded deposits of till and fossiliferous 
stratified gravel, sand, and clay. These sections and the cli- 
matic conditions of the Toronto stage, with its place in the 
t»eri?s, are more fully considered in the May number of the 
American Geologist (pages 285-291). 

Although the waning ice-sheet still occupii'd a vast area on 
the northeast, and twice re-advanced, with deposition of much 
till, during the formation of the ScarbonT fossiliferous drift 
HericH, the climate then, determined by the Chaniplain low al- 
titude of the land, by the proximity of tlie large glacial lake 
Aig'onquin, succeeding the larger lake Warrrii, and by the 
eastward and northeastward surface atmo:'])hericcurivnts and 
(•r>iirh?es of all storms, was \\u\ less mild than now. The trees 

♦ Am. Jour. Sci., Ill, vol. l, pp. 1-20, with map, July, 181);"). 
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whose wood is found in the interglaeial Toronto beds now 
have their most northern limits in the same region.* 

9. Iroquois stage. Full expansion of the glacial lake Iro- 
quois in the basin of the present lake Ontario and northward, 
then outflowing at Rome, N. Y., to the Mohawk and Hudson 
rivers. Gradual re-elevation of the Rome outlet from the 
Champlain subsidence had lifted the surface of lake Iroquois 
in its western part from near the present lake level at Toronto 
to a hight there of about 200 feet, tinally holding this hight 
during many years, with the formation of the well developed 
Iroquois beach. 

Between the times of lakes Warren and Iroquois, the glacial 
lake Lundy, marked by the beach ridge of Lundy's Lane,f 
probably had an outlet east to the Hudson by overflow across 
the siope of the highlands south of the Mohawk ; but its rela- 
tionship to the glacial lake Newberry, named by Fairchild as 
outflowing to the Susquehanna by the pass south of Seneca 
lake,* needs to be more definitely ascertained. 

10. St. Lawrence stage. The final stage in the departure 
of the ice-sheet which we are able to determine from the his- 
tory of the Laurentian lakes and St. Lawrence valley is ap- 
proximately delineated on Plate V, when the glacial lake St. 
Lawrence, outflowing through the Champlain basin to the 
Hudson, stretched from a strait originally 150 feet deep over 
the Thousand Islands, at the mouth of lake Ontario, and from 
the vicinity of Pembroke on the Ottawa river, easterly to 
(Quebec or beyond. As soon as the ice barrier was melted 
through, the sea entered these depressed St. Lawrence, Cham- 
plain, and Ottawa valleys; and subsequent epeirogenic uplift- 
ing has raised them to their present slight altitude above the 
sea level. 

Later stages of the glacial recession are doubtless recogniz- 
able by moraines and other evidences, the North American ice- 
i^h'c'et becoming at last, as it probably also had been in its 
beginnings, divided into three i)arts, one ui)on Labrador, an- 

*Am. Geologist, as cited; also Dr. George M. Dawson's letter in the 
July number, pp. (55, 6(5. 

tj. W. Spencer, Am. Jour. Sci., Ill, vol. xlvii, pp. 207-211, with map, 
March, 1894. 

^Bulletin, Geo!. Soc. of America, vol. vi, pj). 353-374, with map and 
five plates from photographs of topographic features, April, 1895. 
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other northwest of Hudson bay, as shown by Tyrrell's obser- 
vations,* and a third upon the northern part of British Colum- 
bia. From my studies of the glacial lake Agassiz, whose du- 
ration was probably only about 1,000 years, the whole Cham- 
plain epoch of land depression, the departure of the ice-sheet 
because of the warm climate so restored, and most of the re- 
elevation of the unburdened lands, appear to have required 
only a few (perhaps four or five) thousand years, ending 
about five thousand years ago. These late divisions of the 
Glacial period were far shorter than its Kansan, Aftonian, and 
lowan stages; and the ratio of the Glacial and Champlain 
epochs may have been approximately as ten to one. The term 
Champlain conveniently designates the short closing part of 
the Ice age, when the land depression caused rapid though 
wavering retreat of the ice border, with the accumulation of 
many retreatal moraines of very knolly and bowldery drift. 

How THE Ice-sheet formed Marginal Moraines. 

One difl[iculty which will arise in the minds of many glacial- 
ists, concerning the brevity of the time allotted to the Wiscon- 
sin and later moraine-forming stages should receive special 
consideration. The view here presented, with the light de- 
rived from my work on lake Agassiz, implies that the con- 
spicuous belts of morainic hillocks, hills, and ridges, consisting 
of very bowldery till, frequently with much kame gravel and 
sand, of which I have mapped twelve in Minnesota and North 
Dakota, and Leverett a still larger number in Illinois, Indi- 
ana, and Ohio, were each amassed within a few years, or at 
the longest probably no more than 25 or 50 years, even for the 
accumulation of the prominent Leaf hills, rising 200 to 350 
feet above the surrounding countr}^. How could such rapid 
drift transportation and deposition take place? If this ques- 
tion can be satisfactorily answered, with reference of the mo- 
raines both in North America and in Europe to the time of re- 
treat from the lowan glacial boundaries, a chief argument, 
which is much relied on by the defenders of the theory of two 
or several distinct glacial epochs, having unlike methods of 
drift accumulation, will be set aside. 

♦Greol. Magazine, IV, vol. i, pp. .391-399, with map, Sept., 1894: Am. 
GEOLociiaT, vol. XIV, pp. 338-340, Nov., 1894. 
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As an aid for clearer statement, the accompanying figure, 
drawn on the same scale vertically as horizontally, may rep- 
resent a section of the border of the departing ice-sheet along 
a distance of ten miles from south to north, where its origi- 
nal thickness, as probably for the vicinity of the Leaf hills, in 
northwestern Minnesota, was about a mile. Englacial drift, 
as I have shown in previous papers,* had been carried by the 
ice currents in some important amount into the basal quarter 
or third of the ice-sheet ; and when the superficial melting or 
ablation reduced the ice border to a less thickness, this drift 
was gradually uncovered upon the ice surface. The rates of 
ascent of the frontal slope are taken in accordance with the 
upper limits of glacial action on mountains, and after careful 
consideration of the surface gradients of the Alpine glaciers 
and of the Greenland ice-sheet, as 400 feet in the first mile, 
200 feet in the second mile, and 150, 120, 100, 85, 75, 67, 60, 
and 55 feet in the third to the tenth miles, respectively, at- 
taining an altitude of 1,312 feet, or about a quarter of a mile. 
Thence we may suppose the ascent to average 50 feet per mile 
for the next nine miles, by which the altitud? of a third of a 
mile, the probable upper limit of the englacial drift, would be 
reached. 
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Fio. 1. Saction of the border of the ice-sheet during its retreat. 

Scale, three miles to an IdcIi. 

On areas where the ice-sheet built up large marginal mo- 
raines, and also wherever its drainage from ablation brought 
exceptional volumes of modified drift, or stratified gravel, 
sand and clay, directly supplied by the ice melting, we must 
believe that the amount of the englacial drift was greater than 
on other tracts having smaller moraines and little modified 
drift. Let us assume, therefore, for the definite illustrative 
case in which we are seeking to account for prominent mo- 
raine accumulations, that the total englacial drift, in the lower 
third or 1,760 feet of the ice-sheet, was equal to a thickness of 
15 fec-t. This may have bec'n distributed, as shown in the ac- 

♦Bulletin, G. S. A., vol. iii, 1892, pp. 131-U8: vol. v, 1894, pp. 71-86. 
Am. Geoloc;ist, vol. viii, pp. 37()-385, Dec, 1891; vol. x, pp. 339-362, Dec, 
1892: vol. XII, pp. 3G-43, July, 1893. 
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companying table, so that the basal ice stratum, 400 feet thick, 
terminating within the first mile from the front, should con- 
tain 5 feet of englacial drift; the stratum, 200 feet thick, ter- 
minating in the second mile, 2 feet of drift; the 150 feet of 
ice terminating in the third mile, 1^ feet of drift; the fourth 
mileV ic? stratum, 120 feet thick, 1 foot of drift; and the stra- 
tum of 100 feet in tl^ fifth mile, seven-tenths of a foot. The 
amount of englacial drift above the altitude of 970 feet, 
reached at the end of five miles, would be about five feet in a 
thickness of about 800 feet of ice, the upper limit, as before 
noted, being assumed to be 1,760 feet above the land surface. 
The rate of ablation of the ice in the warm summers of the 
C'hamplain epoch, with alternating sunshine and still more ef- 
ficient rains, probably averaged from two to four inches daily 
during 200 days of the warm portion of each year. In the re- 
maining five and a half months we may suppose that the 
snowfall and ablation counterbalanced each other, while the ice 
advance, though diminished on account of the lower tempera- 
ture, would produce some thickening of the border. When a 
series of years had a small mean rate of ablation, the ice 
front remained nearly stationary, giving the conditions neces- 
sary for the formation of a marginal moraine ; but when the 
ablation was more rapid, no belt was occupied by the front so 
long as to be marked by morainic hills and ridges. An aver- 
age ablation of two inches per day during 200 days of each 
year may be assumed as permitting the front to i^main on the 
same line, or with advances and recessions not exceeding a 
half mile or one mile from that line. The resulting moraine 
would be heaped irregularly on a belt one or two miles wide. 
Conditions of Morainic Drift Accunnilafion. 
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To supply the ice by onflow equivalent to the abhition of 
two inches daily in summer ui)on the first mile from the fnm- 
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tal line would require an average forward current of 26 inches 
daily for the lowest 400 feet of the ice-sheet. On the land 

• 

bed, where it was impeded by friction, the rate was very small, 
thence gradually increasing upward. In the second mile the 
ice would retain its hight unchanged under this ablation by 
an average onflow of 4.3 feet daily for th? stratum of ice 200 
fe?t thick terminating in that mile; the ^ird mile would re- 
quire for its stratum of 160 feet a daily current of 5.8 feet ; 
and the fourth and lifth miles would require currents, respec- 
tively of 7.3 and 8.8 feet. Between nine and ten miles from 
the ice front, at an altitude of 1,257 to 1,312 feet, the ablation 
could be oiFset only by a current of 16 feet daily. By such 
currents, urged forward by the great weight of the more cen- 
tral and increasingly thicker part of the ice-sheet, the super- 
ficial wasting of the ice border would be evenly balanced, 
holding, therefore, the nearly steady frontal line indispensa- 
ble for abundant marginal drift deposition. The gradients 
thus assumed for the ice surface near its boundary are proba- 
bly twice as steep as they were during the earlier stages of 
predominant ice accumulation. Hence, with the greatly in- 
creased Champlain temperature, the rates of glacial move- 
ment were perhaps five or even ten times faster than during the 
maximum stage of glaciation. 

If the outermost five miles of the ice, having the conditions 
here assumed, remained in essentially unchanged position 
thirty years, the total volume of drift there becoming super- 
glacial would be equivalent to about 50 feet on a width of one 
mile. With the previously superglacial drift of the same outer 
belt of the ice, which, like the foregoing, must have been car- 
ried forward to the boundary, there would be a thickness of 
about 85 feet; and with all received in the same time from the 
more distant part of the ice surface, up to ten miles from the 
margin, the total terminal mass of drift would equal at least 
an average of 100 feet on a belt one mile wide. This amount,^ 
amassed b}^ the small frontal oscillations of the ice so as to 
form irregularly grouped hills and ridges, separated, as those 
of the moraines usually are, by deep and wide hollows, would 
constitute a morainic belt probably unsurpassed either in 
North America or Europe. Under the same conditions, a 
small but distinct moraine might be formed in only five or 
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ten years ; or, where the ice-sheet had less englacial drift, as 
a quarter or only a tenth as much, the smaller parts of a mo- 
raine belt would be made during the same thirty years in 
which elsewhere its most prominent portions were being de- 
posited. 

Comparison of Alaska and Greenland. 

The Malaspina ice-sheet in Alaska, reaching from the St. 
£liad range to the ocean, has been slowly retreating, like the 
Muir glacier and others of that country, during the past hun- 
dred years or probably much longer. On all its border for a 
width of a few miles, now thinned perhaps to a quarter part, 
or less, of the earlier depth, the waning ice is covered by its 
formerly englacial drift; but, in that cold climate, the glacial 
movement is so very slow that forest trees, with luxuriant un- 
dergrowth of shrubs, and many herbaceous flowering plants, 
grow on this drift lying upon hundreds of feet of ice as re- 
vealed by stream channels. Advancing toward the interior, 
the explorer soon comes upon higher clear ice and neve, hav- 
ing risen above the plane of the englacial debris, excepting 
along the course of belts of medial surface morainic drift, 
swept outward from spurs of the mountains. This ice-sheet 
partially suggests the conditions of the moraine-forming 
southern porthern of the North American and European ice- 
sheets during the Champlain epoch ; but these had a climate 
much warmer than that of Alaska, with consequent far more 
rapid ablation and stronger glacial currents. 

In Greenland, on the other hand, the mean temperature has 
probably been gradually lowered during several centuries past, 
since the prosperous times of the Norse colonies 900 to 500 
years ago. A great ice-sheet, 1,500 miles long with a maxi- 
mum width of 700 miles, covers all the interior of Greenland ; 
and, although now its extent is less than during the Glacial 
period, it has doubtless held its own or mainly^ somewhat in- 
creased during several hundred years. While the snow and 
ice accumulation is predominant, no englacial drift becomes 
superglacial ; but in the region of Ingleliekl gulf Chaniberlin 
finds the frontal ice-cliffs well charged with englacial debris 
to a third or half of the total hights of 100 to 200 feet or more. 
The same ratio of the lower part of the ice-sheet containing 
drift would quite certainly give it a thickness of 1,000 to 2,000 
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fe?t in th'i cle?ply iee-rovered central portion of Greenland. 
Other features especially noted are th'3 very distinct stratifi- 
cation of the ice and its ditfer.^ntial forward motion, produc- 
ing not only this stratification but also sigmoid folds and 
overthrust faults, where the upper layers move faster than the 
lower and these in turn faster than the friction-hindered base. 
In just the sam? way, as I have shown in the foregoing pages, 
the ai'celerated currents of the waning ice-sheet during the 
temperate C^hamplain epoch overrode each other in succession 
from th? highest to the lowest on the moraine forming border, 
bearing a great amount of superglacial drift to the margin. 
If a mild temperate climate could bring to Greenland the con- 
ditions of the Champlain epoch, its thick ice-sheet in the in- 
terior under rapid ablation would fully illustrate, as the Mal- 
aspina glacier even now does in a considerable degree, the 
formation of the great series of morainic drift hills which 
mark stages in the retreat of the continental ice-sheets. 

Marginal Moraines chiefly a Characteristic of the Cham- 
plain Epoch. 

From this discussion of the origin of marginal moraines, it 
will be seen that their accumulation belonged chiefly to the 
Champlain epoch of land depression, restored warmth, and 
mainly rapid glacial retreat, interrupted by times when the 
ice-sheet for several j'ears or decades of years held a nearly 
stationary position. According to the supposition that two 
inches of daily summer ablation was approximately equalled 
by the glacial onflow, whenever the ablation was at a faster 
average rate, as three or four inches daily, the ice receded, de- 
positing the smoother till sheets between the hilly marginal 
moraine belts. 

During the stages of ice accumulation, up to the maximum 
of the glaciation and to the lowan stage, I think that the ice- 
sheet eroded much drift on its central area and bore it for- 
ward in the basal quarter or third of the whole thickness of 
the ice, depositing much of it, however, as subglacial till with- 
in fifty miles, more or less, back from its front. When the 
final recession of the ice carried its border gradually back- 
w.ird ov?r all its area, I believe that the process of subglacial 
drift deposition continued, forming the ground moraine or 
1 >w.^r part of the till progressively as the ice border withdrew. 
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So much of the drift as remained englacial when the frontal 
line in its retreat reached the place of a temporary pause, per- 
mitting a marginal moraine to be formed, was then borne for- 
ward in the manner described to the boundary. 

Only with a rate of ablation much faster and with glacial 
currents much stronger than those of the Arctic regions or of 
the continental ice-sheets during their time of accumulation 
under the severe climate of their high plateau elevation, in 
short, only during the Champlain epoch, when the land had 
fiunk from its preglacial and Glacial altitude both in America 
and Europe, could noteworthy peripheral moraines be amassed. 
They record on each continent the definite closing epoch of 
the Glacial period. 

EDITORIAL COMMENT. 

DiEMONELIX OR WhAtV 

In the midst of the controversy which has arisen over this 
strange Nebraskan fossil may we remark that the correct 
spelling of the name adopted is Damouhelijc, It may perhaps 
be regretted that a more euphonious form, such as Jle,licod(t- 
mon^ was not employed from the first, but this not being the 
case the correct spelling of the term ma}' as well be used. 

Reconnoissance Map of the United States. 

In the July number of the American Geologist we published 
a review of a "Reconnoissance map of the United States" bv 
Mr. W J McGee. From a recent letter from Mr. McGee, con- 
cerning this review, we quote as follows: "The review con- 
tains several minor errors, which may mislead readers not fa- 
miliar with the history o£ geologic mapping, and will certainly 
lead to disappointment on the part of the many geologists who 
will receive the Fourteenth Annual Report of the United 
States Geological Survey but will not receive the series of 
maps referred to in the notice. The first paragraph of this 
review should have read about as follows: 

"Reconnoissance map of the United States showing the dis- 
tribution of the Geologic S\'stems so far as known * * * 
by W J McGee, 1893.— This map forms plate II of the Four- 
teenth Annual report of the United States Geological Survey 
(for 1892-'93). The scale is about 115 miles to an inch, be- 
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ing printed on th? base used for the geologic map eonrpiled 
by the same author in 1884, and published in the Fifth An- 
nual Report of the Survey ; this earlier map serving also as the 
basis of Professor Hitchcock's map of 1886, which was printed 
(by permission of director Powell) from the stones prepared 
for the survey edition, with certain alterations — notably the 
extension of reconnoissance and hypothetic coloring over un- 
surveyed portions of the country. The present map, like its 
predecessor, omits coloring from Canada. and Mexico, and from 
areas not yet surve3'ed geologically; but it differs from its 
predecessor in that the results of trustworthy reconnoissance 
in the unsurveyed portions of the United States are intro- 
duced. In addition to the regular editicm of this map accom- 
panying the Fourteenth Annual Report of the Survey, a lim- 
ited number of copies of the complete map and of a series of 
sheets each showing a single geologic system have been printed 
by director Walcott for the use of working geologists. A 
number of sets of maps, each comprising the geologic map, 
the base map with contours but without geologic colors, and 
a series of the system sheets, has been distributed by the Sur- 
vey in advance of the issue of the report." u. s. g. 

Beginning with this month's issue the American Geologist 
will be printed by the Franklin Printing Co., 50 Fourth St. S., 
Minneapolis. Mr. Nelson F. Twing, under whose careful over- 
sight this journal has been printed for the last five years, is 
manager of this company. The rates for excerpts, found on 
the third page of the cover, have in some cases been slightly 
reduced.* u. s. G. 



REVIEW OF RECENT GEOLOGICAL 
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Evobit'nm of Australia. By A. C. Greuory. At the recent meeting 
of tho Australian Association for the Advancement of Science the pree- 
itlent, tho Hon. A. C. Grofrory, C. M. G., chose for the subject of his 
address ''Th^* Goojrraphical Dovi'lopmont of the Australian Continent." 
Mr. Gregory's great PX])erionce as an explorer lent unusual interest and 
valuo to his statements. 

In very early times a chain of islands extended northward from Tas- 
mania to caiK' York, a distance' of 2.000 miles, with a breadth of not 
more than one hundred. In western Australia a wide table land 
stretched from cajK' Ix^euwin northward for 1,000 miles. Both were 
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granitic. Between them lay a deep sea dotted perhaps with a few is- 
lands. The waste of these ancient rocks was deposited in the adjacent 
sea forming the Cambrian, Silurian and Devonian series, the last of 
w^hich is in some places 10,000 fe3t in thickness. The later part of the 
ensuing Carboniferous era was marked by an elevation of S9veral thou- 
sand feet and a severe crumpling of the strata **by a force from the 
east," which together brought most of the former shores and sea bot- 
toms of the eastern land high above the water. This was apparently 
the date of the deposition of the now auriferous fissures. The result 
S3ems to have been a continent much like that now existing, with an 
elevated range along the eastern coast and a climate favorable to vege- 
tation. 

Later, about the beginning of Mesozoic time, a second elevation took 
plac.^, carrying the continent yet higher and annexing the Great Barrier 
reef. New Guinea and possibly Timor, but making little change on the 
western side. To this elevation and the high mountains which it devel- 
oped along the eastern coast, probably 10,009 feet in altitude, Mr. 
Gregorj' is inclined to attribute the great moisture of the CaFboniferous 
era, whose deposits are limited entirely to that part of the continent. 
An extensive depression ensued in late Mesozoic time, carrying the in- 
terior part again below the sea and affording room for the wide-spread 
Cretaceous rocks. Only the higher peaks and ranges rose above the 
water. 

Subsequent elevation, without distortion, raised the whole area to a 
bight about 500 feet above its present level and it then presented almost 
its present appearance. Extensive river systems then existed in the in- 
terior and violent volcanic outbursts poured basalt over the new Creta- 
ceous beds. Then followed the era of the great Australian marsupial 
fauna when Diprotodon, Nototherium and others obtained subsistence 
where now the kangaroo cannot live. Great rainfall marked this era, as 
is shown by the way in which the fossils are buried on the margins of 
extinct freshwater lakes. 

But desiccation followed and the huge marsupials vanished, the dingo 
alone surviving by adaptation to the altered conditions, and the interior 
became the dry and waterless area that it is at the present time. 

E. w. c. 

Portland Cement: a Monograph. By Charles D. Jameson. (The 
Transit, vol. iii, no 1, 192 pp. Iowa City, 189.").) The recent broaden- 
ing of the scope of geological surveys so that the official geologist is ex- 
pected now to not only point out the location of valuable beds but to 
also indicate the best methods of working them, makes it imperative 
that he keep informed upon certain porticms, at least, of technical liter- 
ature. Few rec*ent contributions are therefore more welcome than that 
which Prof. Jameson has just made to the study of cements. There has 
been of recent years a notable expansion in the business of cement 
manufacture. Portland cement was first manufactured in 1821 in 
England. The industry for many years made little headway against the 
active competition of the natural or Roman cements. In 1852 the in- 
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dustry was introduced in G*?rmany. Up to 1875 all the Portland cement 
used in this country was imported principally from Germany and £ng> 
land. There are now factories at Bellefountaine, Ohio; South Bend, 
Indiana: Warner's, New York: and Yankton, S. D. In 1889 there were 
only 150,000 barrels of cement manufactured here and 650,000 imported, 
so that there would seem to be abundant room for more factories. 

Prof. Jameson *s monograph is the outgrowth of his lectures before 
the engineering students at the State University of Iowa. While the 
subject is Portland cements, the author gives considerable information 
regarding cements and limes of all kinds. It is noteworthy that, whereas 
Gilmore's work, the last preceding general treatise on cements from the 
American standix)int, is sf) largely taken up with descriptions of the 
Roman cements and Portlands are only incidentally discussed, in the 
present volume the relations are transposed. 

The work includes studies on the manufacture, testing and use of the 
cement. In connection with the latter are some beautiful illustrations 
of monolithic construction as employed in the dams of the Hennepin 
canal and the museum of Stanford University. The economy with 
which the vast chalk l>eds of the interior may be utilized and the ex- 
cellent character of the product is insisted upon. The monograph is 
exceedingly valuable to all working in economic geology, since it places 
in convenient form a vast quantity of matter which was before scattered, 
principally in French and German works, and was well nigh inaccessi- 
ble. In addition much new matter of great valua is given. h. f. b. 

Origin and Use of Natural Oas at Man itoa, Colorado, By William 
Striebly. (Colorado College Studies. Fifth Ann. Pub., pp. 14-35. 
Colorado Springs, 1894. ) In considering the origin of the gas-charged 
mineral water at Manitou the author gives a brief resume of the geo- 
logic features of the region. It is pointed out that the springs are lo- 
cated on the crests of low folds in the sedimentary strata near the con- 
tact of these beds with the Archean granites. Attention is called to 
the presence of a prominent fault at the exact contact and of a series of 
smaller parallel slips. The study of a number of chemical analyses al- 
lows several interesting inferences to be drawn, among which are the 
following: 

1. All the springs hold the same salts in solution, a fact which seems 
to point to a common origin. 

2. The waters of the Navajo and Manitou springs are almost identical 
in mineral contents, while the Ute Iron spring contains a much smaller 
quantity of dissolved salts. It is ver>' probable that percolating waters 
from the streams or from local seepage channels make their way into 
the springs such influx being greater in some springs and smaller in 
others. In the Ute Iron spring calcium and magnesium are low% and 
silica, chlorine, iron, sulphuric-anhydride, soda and potash relatively 
high. The x^r^^xi^^^ity of this spring to the silicate rocks on the south, 
and to the very broken siliceous Silurian limestone and Cambrian 
quartzites on the north and west, suggests reasons for a possible change 
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in this spring water, on the supposition that its main source is the same 
as that 3ieiding the waters of the other groups. 

3. The presence of so large quantities of the bicarbonates of calcium 
and magnesium points to a prolonged contact of the waters with the 
limestones. 

4. The almost total absence of iron salts indicates either a source 
quite free from ferruginous minerals, or more probably the oxidation 
of dissolved iron and its previous precipitation. 

5. The high percentage of chlorides may be derived from the Silurian 
rocks or with less probability from the more distant Jura-Triassic beds. 

6. The large percentage of sodium bicarbonate probably indicates an 
origin among silicate rocks, whence the soda (and potash) may come as 
carbonates formed by the decomposition of the rocks by atmospheric 
waters containing carbonic acid, or as alkaline silicates, which react 
upon the limestones (calcium carbonate) before reaching the surface. 

7. The sulphates may come from unseen gypsum beds, but it is prob- 
able that they come in greater part, at least, from the oxidation of sul- 
phides in granites, igneous rocks, or even sedimentary beds. 

8. The concentration of the solutions — that is, the large quantity of 
mineral matters contained in the springs' waters, comes evidently from 
prolonged contact with rocks, such as would arise from percolation and 
probably also from an increased solvent power of the water, due to heat 
or pressure, or both combined. 

9. The difference in temperature of the several springs is remarkable 
as showing that either the waters come from different sources, or if 
coming from the same source have been cooled in an unequal degree by 
passing through diverse strata, or through the influx of cooler foreign 
waters. 

10. The variation of the springs between summer and winter, in their 
contents of mineral matters dissolved, in the quantity of water flowing 
from them and in the volume of gas yielded, together with the remark- 
able uniformity of temperature throughout the year in some of them, 
are evidently significant phenomena. 

The gas with which the water is charged is carbon -dioxide and the 
author reviews the various explanations usually offered for its origin. 
It is believed that in this instance the gas is derived from thf^ chemical 
decomposition of limestone by acid waters or salts. The theory ad- 
vanced for the origin of the natural gas at Manitou is thus summarized: 
**Water percolating through silicate rocks and becoming highly miner- 
alized under favorable conditions of temperature and pressure, makes 
its way through cracks and profound rock-fissures by the action of 
gravity and the ascensional power imparted by heat, to the limestones 
west and north of Manitou. It is here increas.^d in volume and in dis- 
solved salts by the numerous additions of seepage waters from the local 
rocks, and also lowered in temperature at the p.)int8 where these in- 
fluxes occur. By chemical reactions some of the dissolved salts are 
changed, and the carbon-dioxide originally held (almost entirely) by the 
limestones is liberated from that combination but dissolved in the water 
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on account of the great hydrostatic pressure. As the waters rise 
through the uregular channels enlarged from cracks and seams, the 
pressure decreases and more and more of the dissolved gas escap3S from 
the water until at last, when the surface is reached at the various 
springs, the gas emerges with the rythmic flow due to the irregularities 
in the channels of exit." h. f. b. 

Lead and Zinc Deposits of Missouri, By Arthur Winslow, assisted 
by James D. Robertson. (Missouri Geol. Survey, C. R. Keyes, State 
Greologist; vols. 6 and 7, 763 pages, 40 pis., 3 folded maps: JeflfersonCity, 
1895.) As gleaned from the preface, the investigation was begun, first, 
in connection with the U. S. Geological Survey, and later independently. 
During the past year the extent of the report has more than doubled 
over the estimate first made, probably due to the fact that since the 
authors' relief from the administrative work of the survey they have 
been able to devote all their time to the preparation of the report. 

The report has been divided into three parts. The first portion con- 
tains an historical sketch of the metals and a summary of what is known 
of them in all countries of the globe. Particular attention is given to 
the lead and zinc producing districts of North America with which the 
Missouri product is brought into competition. A chapter is also de- 
voted to the metallurgy of the metals, and the various processes are 
described with sufficient minuteness for all practical purposes. Concise 
tables of the production in the United States are also given in this con- 
nection, together with the prices. 

The second section outlines the history of mining in Missouri, and 
the general geology of the southern half of the state. fThe development 
of the mining in the state is traced from the time of the earliest explo- 
rations. The physical characters of the lead and zinc regions are de- 
scribed at length. The geological formations containing the metals 
under consideration are referred to in a general way, and considerable 
detail entered into in the case of the most important localities. The 
lithological differences are compared and some of the salient structural 
features pointed out. Under ore deposits is a full consideration of the 
distribution, the form, structure and comi>o8ition of the ore bodies, 
their manner of formation and the origin of metalliferous vehis. Con- 
cerning the latter topic, the various theories are set forth and their ap- 
plication to Missouri deposits clearly given. Smelting and manfacturing 
received the attention they demand, and full statistics are given regard- 
ing the production of the two metals in Missouri, the prices received 
from year to year and the total output of the various counties. 

The third part is an account of the Missouri mines, with a systematic 
and detailed description of the important developments and occurrences 
of lead and zinc. Three districts are recognized, the southeastern, the 
central and the soutliwestcrn. Here is incoriK)rated all the detailed in- 
formation concerning the various camps. Many of these are mapped 
and the workings of tyjncal individual mines plotted. This is the por- 
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tion of the work which will appeal most directly to the people actually 
engaged in working in the diggings. 

A considerable part of the report is devoted to a description of the 
general topographic and geologic features of the state. So much detail 
may seem unnecessary; Mr. Winslow states that *'The writer has en- 
deavored to embody, and thus to place on record, all the notes of im- 
portance relating to the geology of the southern part of the state, which 
he accumulated during his occupancy of the position of state geologist 
and which the recent severance might prevent the publication of.'' Mr. 
Robertson has already published in the American Geologist (vol. xv, 
pp. 235-248, April, 1895,) a comprehensive abstract of this report on the 
lead and zinc deposits of Missouri. 

*'A Study of the Cherts of Missouri,'' by Dr. E. O. Hovey, is em- 
braced in the appendix. The two volumes in size and general appear- 
ance are similar to the other excellent reports of the Missouri Survey, 

U. 8. G. 

On Some Dykes Containing Hurotn'te. By Alfred E. Barlow. 
(Ottawa Naturalist, vol. ix, no. 2, pp. 25-47, 1835.) In this paper, read 
before the Greological Society of America at the Baltimore meeting, 
there is a full description of the known occurrences of this mineral. 
Huronite was described by Thompson in 1833 as a mineral species from 
material obtained from a diabase boulder on Drummond island, lake 
Huron. The exact relationship of this mineral has been open to some 
doubt. Dana originally placed it nnder prehnite and later mentions it 
as a supposed altered form of iolite. T. Sterry Hunt considered it **an 
impure anorthite-like feldspar related to bytownite," and on the same au- 
thority Dana S{)eaks of it as **an altered mineral near fahlunite." In 
1885 Dr. B. J. Harrington examined the mineral, using material from 
Pogamasing, and upon this authority it is in Dana's last edition placed 
under anorthite. Michel L^vy and Lacroix considered it a decomjKisi- 
tion product of iolite or cordierite. 

For some time after the original description of the mineral it was not 
known from material found in situ. Knowledjje on the subject has been 
accumulating until in the present paper it is describeil from eleven lo- 
calities. The doubt as to the correct position of the mineral arose from 
the fact that its true nature could not bo discovered by analysis. Mr. 
Barlow studied the material with the microscope and discovered "that 
in every case the so-called huronite is really a i)lagiocla8e near the basic 
end of the series which has undergone more or less complete saussuriti- 
zation." 

In the present paper the results of this detailed pv'tro^^raphic study of 
material from the different localities are given and the different stages 
in the alteration are traced. h. f. b. 

On Lowaonite, a Neic RockfonniiKj Mine ml from the Tihnron Pe- 
uinaula, Marin Co., Cat. By F. Leslie Ransomk. (Bull. Dept. Geol. 
Univ. Cal., vol. 1, no. 10, pp. 301-312. pi. IT, May, 1895.) This is a clear 
and colorless or gray-blue mineral which occuis as an imijortant rock- 



makioif crmtitu^nt of a rather maanv.^ oatcrop of ciystaliiDP schist. 
Th#r atmff^rlzV^l mto^raUi are m iri^jirit ?. io wbi?b tap n^w minora! i» fre- 
qtMrotly Imfierlderj. epid'He. actinolitf. i^lau^opbaoe and r^J ^roet. 
htkWBrmitfr is rjrth^irhoaibic in crystallization, and its axia! ratio is n:h:r 
■ .0Q5i2 : 1 : .7.185. It pf j — tn s rs two fairtv distinct habits, the crystals oe- 
currinsc in canities show a strong deTclopaient of the prismatic faces, 
while those imbedded in the margarite are usually lartrer and have a 
prevailingly tabular habit, the basal plane being well developed. A per- 
fect cleavage exists parallel with the brachypinacoid and a sub-perfect 
cleavage parallel with the base, while an imperfect prismatic cleavage 
can sfimetimes be seen in thin sections. In optical character the min- 
eral is prjsitive and the axial plane is the brachypinacoid. In certain 
basal sections pleocroism is strong, but in sections of the ordinary thick- 
nem it is rarely detected. In thin s?ctions of th? S2hist the bright po- 
larization coltfjrs and high relief of the mineral are decidedly striking. 
The specific gravity is aliout 3.085. and the hardness is 8. The chemical 
formula deduced from two analyses is H| CaAU Si^ 0|^ being similar 
to carpholite <H| MnAL^ SI, 0|^). The possibility- of the isomorphism 
of the two minerals is suggested. Lawsonite is named in honor of Prof. 
Andrew C. Lawson of the University of California. u. s. o. 

Po9tIj(iramie DepoHiin of Colorado, In the volume recently issued 
by the Colorado Scientific Society* there are several paperst which add to 
our knowledge of this interesting series of beds. It will be remembered 
that in 1888 Eldridge and Cross^ described the Arapahoe and Denver 
formations as post-Laramie. At the same time Cannon§ announced the 
discovery of Tertiary Dinosauria in the Denver beds and Hills shortly 
after described Tertiary beds from the Huerfano River basin consider- 
ing them as Eocene but recognizing their probable contemporaneity, in 
part at least, with the Denver and associated beds. In 1889*' he gave 
additional notes on the Huerfano beds. In 189D Cannon** noticed the 
description V)y Marshtfofthe dinosaurian remains found at Denver and 
similar remains from Montana, and in the same year Hills^^ discussed 
the VkmIs already described and added considerable information regard- 
ing contemxKiraneous deposits. The original paper by Cross was re- 
vised and republished in the American Journal of Science§§ and more 
recently he has described ; the whole subject of the post-Laramie. 

The post-Laramie beds are not confined to Colorado but similar de- 
posits hav«^ been noted by Canadian geologists and Weed^^ has recent- 

•Pr<)C. Col. Sci. S<>c., iv, 1891, 1M92. IMfti. 

f Ronmrkn on tho ClaHxification of the Huorfano Eocpno ; by R. C. HilLs: pp. 7-9. 
Tli« Post-Larainit? liedn of Middle Park, Colorado; by Whitman Cross; pp. 192-214. 
(i(M)loKy of I)<»nvor and Vicinity ; by Ooo. L. Cannon, Jr. : pp. 224-2:U. 
tPrcK-. Col. Sci. Soc.. Ill, i,M6-ll«, 119-i:«. 
gibid.. 110147. 
Ibi<l., IIM-IW. 
^Ibid., Ill, i,217-22;i. 
♦♦Ibid., III. iii, 2r.:J-2.')4. 
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ttl»n»c. Col. Sci. Soc., ill. iii. iWH-.filT. 
BdAm. Jour. Sci., v.\), xxix, 2«l-is2, 1SH9. 

Ibid.. XI.IV, 1942, 1M92. 
• •Bull. U. S. (Jool. Surv.. No. 10.'). 
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ly described the Livingstone formation as belonging to the same series. 
The present paper by Hills is mainly a rectification of the nomencla- 
ture. He would now arrange the Huerfano deposits as follows: 

(i!K)cene) ^ Poison Canyon beds ) Eocene) 

He considers the Couchara and Poison Canyon beds as the equivalent of 
all the Rocky Mountain Eocene older than the Bridger, including the 
Green River and Wasatch and probably a still older series whose depo- 
sition immediately followed the post-Laramie disturbances. In the lat- 
ter category are placed the Arapahoe and Denver beds, similar beds 
near Canyon City, the Ruby beds, and certain beds in the South park 
and on the Yampa. 

In the paper by Cross the post-Laramie of Middle park is discussed in 
detail. These beds had been previously studied by Hayden, Marvin, 
and White, all of whom agreed in placing them in the *^ Lignite ** or 
Laramie. The determination of their position rests in the main upon 
Marvin *s notes and seems to have been based upon the general strat- 
igraphic position, a supposed lithological resemblance and the testi- 
mony of certain plant remains, as well, probably, as the absence of any 
strong evidence allying them with any other beds. In an examination 
of the outcrops Cross finds that all the lithological characters which so 
distinctly mark the Denver beds are equally well shown in the Middle 
Park beds. The "doleritic breccia " described by Marvin as underly- 
ing them is shown by Cross to grade up by transition beds into the sup- 
posed *'Lignitic.** It is made up of a large series of andesitic rocks 
such as characterize the Denver beds at the type locality. Certain of 
the strata contain the same reddish heulandite cement which is also 
characteristic. The whole lithological character of the beds in fact is 
strikingly like the Denver beds and unlike the Laramie proper. Marvin 
noted an unconformity separating the beds in question from the under- 
lying Cretaceous but was disposed to consider it as only of local im- 
portance. Cross shows the greater extent of the unconformity and cor- 
relates it with that which elsewhere succeeds the Laramie proper. The 
evidence from the plant remains cannot at the present time be fully dis- 
cussed since the much needed revision of the Laramie fauna, undertak- 
en by Mr. Knowlton, is not yet finished. Of the twenty-eight species 
found in the old and new collections from Middle park four being doubt- 
ful and three unknown elsewhere, at least twelve occur in the Denver 
beds as developed at Grolden. The paleontological evidence would seem 
then to bear out that derived from lithological resemblance and uncon- 
formity in placing the Middle Park beds in the series which is at pres- 
ent known by the inadequate term post-Laramie. 

In the course of a resum^ of the geology of Denver and vicinity Can- 
non reviews the history of the discovery of vertebrate remains in the 
Denver beds. The interesting discussions which grew out of those dis- 
coveries and were terminated by the description by Marsh, from mate- 
rial collected by Hatcher in Wyoming, of that interesting order of homed 
Dinosauria known as Ceratopsia, are also brought to mind. 

H. F. B. 
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^iude Hur le MetaniorphtHVie de contact des roches volcaniques. Par 
A. La Croix. (Mem. Acad. Sciences de I'lnstitut de France. Ex. de Tome 
XXXI, 1894.) The author confines himself to the consideration of vol- 
canic rocks per se, not older than the Tertiary, which obviously leaves 
unstudied a large field of contact metamorphism. It conduces to clear- 
ness and probably to the correctness of his conclusions to embrace in 
the discussion only such phenomena as can be referred vithout doubt 
to the action of contacting volcanic rock, for many of the older volcanic 
rocks, and the sediments they modified, have undergone later modifica- 
tions through the action of other forces, and those changes are liable to 
be confounded with those which are due to the volcanic contact. 

The author considers separately the effect of basaltic and of trachytic 
rocks on other rocks in contact with or enclosed in them, giving a his- 
tory of all researches on metamorphism and adding new results of his 
own. Among his conclusions are the following : 

1. Heat alone is unable to produce the phenomena of intense meta- 
morphism, V)ut mineralizing waters under pressure have played an im- 
portant rOle in metamorphic changes. 

2. Volcanic rocks, either in outfiow or in dikes, whatever the nature 
of the molten mass, produce identical effects upon the rocks with which 
they come in contact. 

3. Basic volcanic rocks, when they entirely enclose foreign masses, 
through heat cause a slight chemical transformation in a narrow zone, 
by the intimate mixture of the modifying and the modified rocks : but 
•trachytic eruptives produce chemical phenomena throughout their en- 
closures, the simple calorific phenomena seen in the basic eruptives be- 
ing developed as chemical change through the action of caustic fluids 
under pressure and at a high temperature. 

4. These chemical transformations, so far as studied, are all produced 
by the addition of elements to the rock modified ; such as vapor of wa- 
ter, alkaline silicates, chlorides, and sometimes fluorides, all of which 
have borne important parts in the reacticms which have taken place. 
The number of minerals that can be formed, for instance in a limestone, 
by these reagents are necessarily quite limited, from w^hich fact it is 
easy to see how the chemical transformations in contact metamorphism 
are always the same whatever be the nature of the modifying eruptives. 

5. In the case of enclosures of rock by eruptives, the greater chemical 
effect of the trachytic eruptives is probaV)ly due to their less fusibility, 
less c(mductivity of heat, greater porosity, through which they main- 
tain their mineralizing agents longer and are enabled to produce on their 
encloscnl niasses more profound mineralogical changes. 

6. The principal factor in contact metamorphism is not, therefore, so 
much the heat itself as the physical conditions in connection with which 
the heat operates. In one set of conditions (volcanic rocks) the miner- 
alizing fluids are readily disengaged, and in another (intrusives) they act 
energetically under pressure. n. h. w. 

It!tfid(' mi}f(^r<il()(ji(jne de !a Iherzolite des Pyr^n^CH et de ses ph4nom- 
^ites de contact. Par A. La Croix. lExtrait des Nouvelles Archives du 



Review of Recent Geological Literature. 123 

Museum d'HiBtoire Naturelle, Paris. 3me S^rie, vi, pp. 209-308, avec 6 
planches des caracteres microscopiques, quarto, 1894.) This publication 
results from Prof. La Croix' connection with the Geological Survey 
of France, in the prosecution of which he was intrusted with an 
examination of the eruptive and metainorphic rocks of the Pyrenees. 
While this embraces all that is known concerning the mineralogy of 
Iherzolyte, another contribution devoted to its geological relations will 
appear at a later date in the bulletins of the geological survey. This 
work is divided into three parts, viz. : 

1. Historical sketch and rapid review of the geographic distribution 
and the age of Iherzolite and of the rocks which accompany it. 

2. The mineralogical study of all these rocks. 

3. Descriptibn of the metamorphic phenomena produced by its con- 
tact with the secondary rocks. 

Lherzolyte is a yellowish green, rather coarse-grained hard rock, eas- 
ily disintegrated by atmospheric agents, consisting of olivine, enstatite 
(bronzite), chromiferous diopside and a chromiferous spinel, picotite — 
an eruptive, basic rock which, in the Pyrenees, has always heretofore 
been considered of a later date than a certain white crystalline lime- 
stone, and thus later than the Lias, or even of the Neocomien. Obser- 
vations, however, made by the author, prove it is older than this lime- 
stone, which contains fragments of it in a rounded form. It is later, 
however, than another limestone which it cuts which contains fos- 
sils of the middle Lias. The ease with which the rock separates 
into its separate constituent elements has contributed to the exact- 
ness and the completeness of the study of the crystalline and optic 
characters. The rock is sometimes porphyritic with large crystals of 
bronzite and of diopside, and it sometimes contains hornblende. It 
has been affected by mechanical action, resulting in a **mortar struc- 
ture," and in a secondary pseudo-porphyritic appearance. 

Among the secondary mineralogical changes the author mentions 
rubifaction, serpentinization and amphibolization. These are very char- 
acteristic at the outcrops, which take a dark, rusty color greatly in con- 
trast with the surrounding white limestone. In this change olivine 
plays a leading part. It turns red, by absorbing an ochreous-yellow 
substance which finally replaces it entirely. This is then easily removed 
by rains and forms a yellowish mud. The cavities left by the removal 
of the olivine bring the other minerals into relief, and they undergo a 
slow loosening disintegration which serves to allow the extraction of 
each separately. In the interior of the rock, however, these minerals, 
on fresh fracture, can with difficulty be distinguished from each other 
without microscopic examination. ^ 

Serpentinization has in some places gone on on a large scale, but 
frequently is confined to fissures. 

Amphibolization, in its simplest form, is uralitization, or a change 
from pyroxene. It also takes place in the bronzite. Hornblende in 
certain places is so commcm that the author describes and names the 
rock containing it, as a special variety of Iherzolyte. It is interesting 
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to note that the author, while recognizing certain changes due to dyn- 
amic forces, does not consider that there is any relation of cause and ef- 
fect between amphibolization and dynamic action in the cases he has 
studied. 

In comparing this rock with similar rocks from other parts of the 
world, he mentions the pyroxenytes of North Carolina and Maryland, 
described by Dr. G. H. Williams in the American Geolooist (vol. vi, 
p. 38, 1890), and calls attention to the confusion that attends the use of 
that term ; Coquand, Hunt, Kalkowsky, Dana, Zujovie and Doelter em- 
ployed it in various senses, none of them the same as that assigned to it 
by Williams. This whole group of similar rocks is included by the 
author under the term pyrfurenolyiej and they are considered as special 
forms of Iherzolyte, appearing as dykes. The term webstetyte, given by 
Williams to a bronzityte belonging in this group, had already been 
used to designate a mineral, a hydrated sulphate of alumina, and, as re- 
marked by the author, has to be rejected as a synonym. 

One of the most interesting facts reported by the author is the devel- 
opment of zeolites in the metamorphic rocks at the contacts with these 
basic eruptives. The zeolites are chabazite, thomsonite, and christian- 
ite, rarely stilbite. He has before reported zeolites in granulytes, 
gneiss. Paleozoic schists, cipolins of the gneisses, in Jurassic limestones, 
in porphyry tes and in ophitic diabase, where they seem to have resulted 
from mineralized waters which do not necessarily proceed from any 
great depth. These phenomena are all in the Pyrenees mountains. 

If. H. W. 

Peary Auxiliary Expedition of 1H94: Oeology. By T. C. Chamber- 
LiN. (Pages 29-56, with eight plates, forming Appendix A of the Bulletin 
of the Greographical Club of Philadelphia, No. 5, June, 1896.) This re- 
port, appended to a narrative of the expedition by its leader, Mr. Henry 
G. Bryant, gives in popular form a concise but comprehensive summary 
of the author's geological observations in Greenland, which are being 
more fully published in the Journal of Greology. Its plates are from 
photographs of the unglaciated Dairy mple island, of the glaciated Carey 
islands, which have striae and drift boulders on their summits, 500 feet 
above the sea, of the Bryant, Gable, Bowdoin, Fan, Tuktoo, and East 
glaciers, and of a portion of the edge of the ice -cap, being the same series 
which appears also in the author's presidential address to the Geologi- 
cal Society (Bulletin, G. S. A., vol. vi, pp. 199-220, Feb., 1896; Am. Ge- 
ologist, vol. XV, pp. 197, 198, March, 1895). The greater part of the 
present paper treats, like that address, of the glaciers, local n^v^ fields, 
and margin of the inland ice-sheet, in the vicinitj' of Inglefield gulf. It 
also describes the topography of the western coast, the general geology 
of the borders of Inglefield gulf, and the icebergs, floes, and pack ice of 
the region. Brief outlines of these minor parts may V>e here noted, sup- 
plementing the previous abstract cited in our March number. 

From cape Desolation, near the south end of Greenland, northward 
for about half the distance to Disco island, the coastal mountains have 
sharply angular forms : but along the further extent to this large island 
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and the contiguous Nurgsuak peninsula, the high coast has mostly 
rounded crests and gently curving slopes, the contour having been 
smoothed by glacial erosion. "From Svarten Huk to the Devil's 
Thumb, north of Upernavik, a portion of the contours are serrate, while 
other parts are subdued. There is no marked predominence of either 
class. The coast of Melville bay is largely formed by the edge of the in- 
land ice, which here comes down to the sea. The remainder is formed, 
by promontories jutting out from the ice-sheet like dormer windows, or 
by peaks projecting like islands through the great sheet of ice. The 
Devil's Thumb and Melville Monument are rather slender rock columns, 
standing but a few miles off the border of the present inland ice-sheet. 
From cape York northward to Inglefield gulf, subdued contours prevail 
over rugged ones ; the latter, however, are not entirely absent on the im- 
mediate line of the coast.'' 

The mountainous border of Greenland terminates northward at Mel- 
ville bay. Thence the border tract is a plateau with an average altitude 
of about 2,000 feet, upon which the inland ice deploys as it would on any 
lower plain, excepting where its glaciers descend in valleys from the 
summit toward the sea level. About half of the glaciers reach the sea, 
while the other half end on the land. The plateau may be the edge of 
a very extensive and elevated plain underlying the greater part of the 
ice-sheet. A lower and comparatively narrow peneplain is also some- 
times observable, notably in the vicinity of Godthaab, descending gently 
to Baffin bay, in which its low undulations form numerous small islands. 

Professor Chamberlin traces the following stages in the development 
of the grand topographic features of Greenland. "The upper plateau 
appears to signify that at some former period, not very remote geologi- 
cally, yet certainly not very recent, the west coast of Greenland stood 
some 2,000 feet lower than at present, and remained in that position dur- 
ing a period sufficiently long for the reduction of considerable tracts to 
a gradation plane, but apparently not long enough for the reduction of 
all the surface, for the bordering mountains of southern Greenland ap- 
pear to be survivals. After this partial leveling of the island, it appears 
to have been elevated to an altitude not very different from the present, 
and to have stood there long enough for the development of the coastal 
plain above described. Contemporaneously with this, the valleys doubt- 
less extended themselves backward into the higher country. Later, a 
further elevation appears to have ensued to the extent of two or three 
thousand feet, during which the valleys were deepened and both the 
higher and lower plains considerably dissected upon their lK)rders. 
Subsequent to this, the land Bank to its present iK)8ition, about which it 
is now obviously fluctuating, for there are evidences among which are 
raised beaches and elevated shell deiK)8it8- that it has recently been ele- 
vated, and there are also evidences among which are sunken ruins and 
forced migrations -that it has recently been sinking." 

In the region of Inglefield gulf, the probably Archean crystalline rocks 
which form the principal mass of Greenland, so far as it is free of ice, 
are overlain by a narrow coastal belt of sandstones and shales, which lie 
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at low inclinations and have an aggregate thickness of 4,000 or 5,000 feet. 
No fossils have V)een found in this series, but it is provisionally regarded 
as of Tertiary age, like the plant-bearing beds, of similar lithologic 
character in the Disco region. Between the crystalline and the clastic 
rocks, *'the discordance is very great and indicates that the crj'stalline 
terrane had assumed essentially its present attitude, had undergone very 
great erosion, and had approached its present topographic expression, 
before the sandstone was laid down upon it. If the sandstone were re- 
moved, the relief of the topography would apparently not be less than it 
is now, and not very different from it in general aspect." 

The floe ice formed in Baffin bay was found to seldom exceed five or 
six feet in thickness: but the East Greenland current, sweeping around 
cape Farewell and running thence northward some five hundred miles 
in a belt adjoining the west coast, brings closely driven ice-floes, an im- 
passable ice-pack, and these floes are commonly 15 to 20 feet thick and 
in some cases probably 33 feet or more. This great thickness is regarded 
as the result of freezing during several years, perhaps with increase by 
snowfall. 

Few icebergs were drifteil >Vith the floes from East Greenland. North- 
ward only a few others were seen, until a grand procession, thirty being 
in sight at once, was encountered streaming out southwesterly from 
Disco bay, into which they had been discharged by the Jacobshaven 
glacier. Another magnificent procession of icebergs was seen moving 
outward from the Umanak fjord. These were much larger but more 
tabular and less picturesque. Thirty or forty of large size, besides many 
smaller ones, were in view at the same time. In Inglefield gulf hun- 
dreds of icebergs were frozen in the floe-ice, which remained wholly un- 
V^roken in 1894 until August. Many of these bergs are doubtless held 
several years before they reach Baffin bay to V)e borne southward in the 
Labrador current. w. u. 

Preliminary Report an the Phynical Geography of the Litorina Sea, 
By Henr. Munthe. (Pages 1-38, with two maps, in vol. ii. Bulletin of 
the Geological Institution of the University of Upsala, 1895.) Very 
thorough study is given in this paper to the diatoms, Rhizoix)da, and 
Ostracoda, which occur in the Litorina deposits around the Baltic sea 
and the gulf of Bothnia. This work well supplements the valuable pa- 
pers contributed by Baron Da Gaer to the Bulletin of the Gsological So- 
ciety of America (vol. iii, pp. 65-08, with map) and the American Ge- 
OLO(JisT (vol. IX, pp. 247-249, April, 1892; vol. xi, pp. 22-44, Jan., 1893). 
The following stages in the history of the Baltic basin are ascertained : 

1. The time of the great Baltic glacier, forming marginal moraines 
south and east of the pre8?nt sea and gulf. 

2. Yoldia time, wh'jn the land subsidence reached its maximum. The 
Baltic then received b?rg8ancl glacial rivers from th? retreating ic3, and 
was inhabited by Yoldia artica, which now is restricted to Arctic re- 
gions, preferring the muddy waters where the sea has inflowing tribu- 
taries from glaciers. There was direct connection with the ocean by 
the Cattegat strait dividing Sweden and Denmark, and also across the 
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low lands of southern Sweden by the present lakes Wettern and Wen- 
em. and probably northeast across the low area of lakes Ladoga and 
Onega to the White sea and Arctic ocean. 

3. Ancylus time, when the Baltic basin, on account of gradual uplift- 
ing, became a great fresh- water lake, with shores in part since raised 
50 to 150 feet above the present water level, outflowing through the Cat- 
tegat by a river which probably fell some 50 feet before reaching the 
North sea. The lacustrine fauna comprised AncyluH fluviatilis^ Lim- 
nwa orrtfa, Pisidia, and other MoUusca, with fresh-water Ostracoda, 
and the climate was temperate. 

4. Litorina time, when the area of the Cattegat and Danish archipel- 
ago sank somewhat lower than now, permitting inflow of marine cur- 
rents to the Baltic so that it became Salter and warmer than at present. 
Two species of Litorina^ and others of Scrohicularia and Rissoa, ex- 
tended north into the gulf of Bothnia, where now the water is too fresh 
for their existence. The uplift of the northern part of the Baltic basin 
since the Litorina time has ranged from 100 to 300 feet. 

5. Livincea time, when the strait and archipelago became more shal- 
low, nearly as now. Limncra species then immigrated where the Litw- 
incp had before flourished. This stage is perhaps scarcely distinct from 
the next. 

6. Mya time, extending to the present day, characterized by the im- 
migration of Mya arenaria from the North sea into the Baltic, w. u. 
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PERSONAL AND SCIENTIFIC NEWS. 

Thomas Henry Huxley died at Eastbourne, England, on 
June 29th, aged 75 years. 

Prof. E. W. Claypole, of Buchtel College, is spending the 
summer months in England. 

Professor G. C. Broadhead has been made Professor Emer- 
itus at the State University of Missouri. 

Is Syracuse University Dr. E. C. Quereau has been ap- 
pointed professor of geology and mineralogy. (Science.) 

Curtis F. Marbut of Harvard University has been appoint- 
ed instructor in geology at the State University of Missouri. 
He also has charge of the topographical work of the Missouri 
Geological Survey. 

Dr. Carl Barus, who is well known through his work in 
the division of chemistry and physics of the United States 
Geological Survey, becomes Hazard professor of physics in 
Brown University. 

Professor W. H. Seamon, member of the Geological Board 
of Missouri and professor of chemistry in the Missouri School 
of Mines, has been elected director of the New Mexico School 
of Mines at Socorro. 

Mr. W. N. Moore. who has been in charge of the forecast- 
ing otfice of the Weather Bureau at Chicago, is now chief of 
the United States Weather Bureau, having succeeded Prof. 
Mark W. Harrington. 

Professor J. J. Stevenson, of the University of the City of 
New York, wall spend the summer in the coal fields of Arkan- 
sas, Indian Territory and Texas, with incidental studies in 
New Mexico and Colorado. {Science.) 

Silas Watson Ford died at Saratoga, N. Y., June 25th, aged 
48 years. Mr. Ford's name is familiar to American paleontol- 
ogists through his papers on the fauna of the Silurian and 
Cambrian, which were published from 1871 to 1886. 

The New York State Museum announces the following 
bulletin (Vol. 3, No. 14) as in press: "Geology of Moriah and 
Essex Townships, Essex Co., with Notes on the Iron Mines," 
by J. F. Kemp. A bulletin (Vol. 8, No. If)) on the ^* Mineral 
Resources of New York," by F. J. H. Merrill, is in prepara- 
tion. 

At the commencement exeucisks at Yale University Prof. 
George Fisher introduced a resolution of n^gret, which was 
unanimously adopted, on the dtath of Prof. James Dwight 
Dana. He announced that if Jf4,;')00 more were raised, a ped- 
estal and bust of the late professor would be erected on the 
campus. • ( Science. ) 
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• 

Mr. Arthur Winslow has published a list of errata and 
acknowledgements for his report on the "Lead and Zinc De- 
posits of Missouri'' (Mo. Geol. Survey, vols. 6 and 7). This 
list was not inserted in the report and Mr. Winslow will be 
glad to send a copy of the list to any one receiving the report 
who will apply to him. His address is: Rooms 411 and 412, 
Roe Building, St. Louis, Mo. 

The Michiqan Mining School has recently issued a "Pros- 
l>ectus of elective studies," which states that the school will 
this fall adopt an elective system. Students are allowed to 
select one of several courses with a certain principal subject, 
and in eac?h course certain studies are required and the rest 
are elective. The school thus allows greater freedom in the 
selection of studies than do most mining schools. 

The Glacialists' Magazine begins its third volume as a 
quarterly, of which the first part bears the date of June, 1895. 
Its leading article in this number is by Dr. Karl Grossmann 
and J. Lonias, on the glaciation of the Faroe islands, with a 
map of this group on the scale of three miles to an inch, and 
several sections and views. Communications for the maga- 
zine are to be addressed to the editor, Percy F. Kendall, 
Chapel AUerton, Leeds, England. The annual subscription 
price remains at six shillings, which may be sent to Arthur 
R. Dwerryhouse, 8 Livingston Avenue, Sef ton Park, Liverpool. 

Sixth International Geographical Congress. The meet- 
ings in London from July 26th to August 3d have been men- 
tioned in previous numbers of the American Geologist. It is 
announced that there will be several short excursions for 
members of the Congress about London and the vicinity. A 
limited excursion will start for the English Lake district un- 
der the guidance of Mr. J. E. Marr, F. K. S., a geologist who 
has made this district his special study. Professor James 
Geikie will conduct a geological and geographical excursion 
in the neighborhood of Edinburgh, and this will be followed 
by a j)hysico-geographical excursion to the Scottish highlands, 
of a week's duration, which will be under the guidance of an 
experienced field geologist. 

University of Minnesota. The instruction in geology and 
mineralogy is under the direction of Dean C. W. Hall, pro- 
fessor of geology and mineralogy. He will be assisted by Mr. 
C P. Bekkey, instructor in mineralogy, and by Mr. A. H. 
Elftman, laboratory assistant. Ten courses in geology and 
seven in mint^ralogy are open to undergraduate students, and 
six special courses are offered to graduate students. In the 
College of Engineering, Metallurgy and the Mechanic arts 
eleven courses in geology and mineralogy are open to students 
who make either mining, metallurg}", or chemistry a specialty. 
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Mr. F. W. Denton, formerly professor of mining and civil en- 
igineering in the Michigan Mining School, and at present min- 
ing engineer for the Minnesota Iron Company, will thi« fall as- 
•suroe the duties of associate professor of mining and metallurgy, 

Johns Hopkins University. . At the annual commencement 
an oil portrait of the late Professor George Huntington Wil- 
liams was presented to the university by Professor Wm. B, 
Clark on behalf of the former students and colleagues of Pro- 
fessor Williams. President Oilman announced that the 
widow of Professor Williams had given a sum sufficient to es- 
tablish a lectureship in geology in commemoration of her hus- 
band. The trustees of the university have invited as the first 
lecturer Sir Archibald Geikie, director of the Geological Sur- 
vey of Great Britain and Ireland. Messrs, G. K. Gilbert and 
Bailey Willis, of the U. S. Geological Survey, who have given 
special courses of lectures in geology the past year, will give 
similar courses the coming year. Dr. E. B. Mathews, in- 
structor in mineralogy, has been promoted to be associate in 
mineralogy. The degree of Doctor of Philosophy was con- 
ferred upon the following gentlemen who have been pursuing 
geological studies : Rufus Mather Bagg, of West Springfield, 
Mass. ; Samuel Walker Beyer, of Ames, Iowa ; Henry Stewart 
Oane, of Chicago, 111. Mr. Bagg's thesis was entitled, '* The 
Cretaceous Foraminifera of New Jersey ;" he is assisting Prof. 
W. B. Clark in his work on the Eocene of the Atlantic Coastal 
plain. Mr. Beyer's thesis was entitled, "The Sioux Quartzito 
near Sioux Falls in South Dakota, with especial reference to an 
Intrusive Diabase;" he becomes assistant professor of geology 
and zoology in the Iowa Agricultural College, and is also con- 
nected with the Iowa Geological Survey. Mr. Gane's thesis 
was on "The Neocene Corals of the United States ;" he becomes 
an assistant on the U. S. Geological Survey and this summer 
will work under Dr. Whitman Cross in Colorado. 

The Geological Society of America announces a week's 
excursion through the crystalline area of wn^stern Massachu- 
setts. This will be under the direction of Professors B. K. Em- 
erson and Wm. H. Hobbs. Geologists desiring to join this ex- 
cursion will meet on Monday evening, August 19th, at the 
American House in Pittstield, Mass. The party will reach 
SpringfieldearlyTuesday morning, August 27th, in time for the 
opening session of the Geological Society. It is particularly 
desired that all persons who wish to join in this excursion 
should communicate in advance with Prof. B. K. Emerson, 
Amherst, Mass. The following geological excursions are pro- 
posed for the week of the meetings : 

(1) Russell and Chester on the Boston & Albnnv K. R. The 
kaolin quarries at Blandford, the Atwater i: -nbh* quarry at 
Westfield, and the emery mines at Chester will b? virited on 
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this trip. These fonnHtions illustrate the crjBtalline rocks 
west of the Conneetieut river. Proffssor W. O. CROfiBT, of 
Boston, will aeeoinpuiij the party which makes this excursion* 

(2) An excursion to study the TriaFsie sandstones andjalsa 
contacts of these rocks with the Holyoke trap sheets and in- 
trusivcs. This trip will include Mount Tom and Mount 
Holyoke. Professor B. K. Emerson, will conduct this excursion* 

(3) Professor W. M. Davis, in connection with Froff6SO& 
William North Kice, has arranged for an excursion to Meri- 
den and Southington, Connecticut. This region affords fine 
examples of contact bi^twecn the older crystalline rocks and 
sandstone. The Meriden quarry exhibits lava flows and faults. 

Proffssor Robert Bell, of the Geological Survey, read a 
paper on ''A great prc-glacial river in northern Canada'* at 
the annual meeting of the Royal Society of Canada hold at 
Ottawa in May last. It was the outcome of much study and 
extensive observation in the North. The pajwr was illustrated 
by a map. The following short abstract is from the Ottawa 
Joftrrtal, 

**' It was/* he said, ^' generally conceded by geologists that just before 
the advent of the glacial eixKrh, the continent of North America stood 
at a considerably jn*eater elevation than at present, the difference accord- 
ing to some authorities, amounting to two or three thousand feet, if not 
more. The difference was greatcT towards the south, as compared with 
the present general altitudes. The inevitable result of this would be to 
greatly alter the river systems. We should tind in northern Canada a 
wide central drainage area equal to alwut one-third of the present land 
surface of the continent, the center of which would be in the region now 
covered by Hudson bay. 

*' This great inland sea does not average 400 feet in depth, and it would 
bo all dry land even with a very moderate elevation. 

" Hudson Strait is much deeper and it would either form a lon^ bay 
or a river valley, according to the amount of the continental elevation. 

** S<nue geologiststs think that about this time the upper part of the 
St. Lawrence basin, including all the lakes, except Ontario, discharged 
its waters northward from lake Sui)erior. But even without this doubt* 
ful part, the drainage area of this one great northern river would be 
seven times that of the present St. Lawrence. Judging from the an- 
cient erosion of the valleys and from other ccmsiderations, the annual 
precipitation was at least as great then as now, so that this former river 
must have been of gigantic proportions compare<l with any river of the 
present world. 

" Its catch -basin would extent from the 8<jurces of the Saskatchewan 
and the Athabasca bevond the Rocky mountains to near the eastern 
coast of Labrador, and from the Minnesota river in the south to the 
northern part of Baffin land, and would also include the southern part 
of the great McKonzie basin. It would flow through the centre of 
Hudson bay and down Hudson strait. The former existence of thie 
great river was not a mere speculation as to what might have been, but 
a neceanary conseijuence of the elevation and change in the slope oJP the 
land, and it was proved in detail by a multitude of concordent facts alt 
over the territorv involved.'' 
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EDWARD HITCHCOCK. 

By C. H. Hitchcock, HanoTer, N. H. 
[Portrait, Plate VII.] 

Edward Hitchcock, the youngest of five children, and of the 
sixth American generation of an English family, was born at 
Deerfield, Massachusetts, in 1793. He died at Amherst, Mas- 
sachusetts, in 1864, having nearly completed his seventy-first 
year. 

An ardent desire for knowledge impelled him to acquire by 
himself many of the branches of learning usually taught in 
colleges, but at hours devoted by his associates to recreation 
and repose. His tastes were shaped at first by a maternal uncle, 
Gen. Epaphras Hoyt, being directed towards astronomy and 
military engineering. His first study was the determination 
of the longitude of his native town by observations upon the 
total eclipse of the sun in 1811. For three months and a half 
he took observations upon the distance of the comet from va- 
rious stars, on the latitude and longitude by lunar distances 
and eclipses of the sun and moon and on the variation of the 
magnetic needle. Then it required several months to reduce 
the observations, and as he had very few books he was obliged 
to calculate many elements by spherical trigonometry, which 
are found to-day in practical astronomical tables. The results 
as applied to the longitude of Deerfield church were given by 
Gen. Hoyt in the Memoirs of the American Academy of Arts 
and Sciences for 1815, vol. in, p. 307-9. Few young men of 
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eighteen labor more diligently than he did in this amateur ef- 
fort. A still more improving discipline was developed from 
this. In making his calculations he made much use of Blunt's 
Nautical Almanac, which was a reprint from the highest En- 
glish authority. Beneath the opening page for every month 
appeared this sentence, '*Ten dollars will he paid on the dis- 
covery of an error in the figures.'' This led to an examina- 
tion and to the discovery of many errors, which were com- 
municated to Mr. Blunt, who took no notice of them. He then 
sent the list t^ the American Monthly Magazine. This excited 
Mr. Blunt's indignation and he endeavored to evade the force 
of the errors by representing that they occurred only in that 
part of the tables used by astronomers and not in that used by 
seamen, and charged Hitchcock with shameful neglect in not 
examining this more practical portion. The answer to this 
reproach was the discovery of twenty errors of such magni- 
tude in the navigation tables as to lead to disaster if depend- 
ence were placed upon them. Further calculations led to the 
discovery of eighty errors in all in four or five of these alma- 
nacs, and to an apology from the editor. One can see that 
rigid ac<?ura<*y was indispensable for the discovery of these 
errors with corresponding application. The discipline thus 
obtained was the same in kind with that of a college course, 
which through a failure of health he was not able to acquire. 
Other discipline and a knowledge of the classics was acquired 
by holding the principalship of Deerfield Academy for four 
years. He learned much of English by taking an active part 
in a village debating society. During these years he wrote 
some poetr}', particularly a tragedy, entitled the ''Downfall of 
Bonaparte," which was both published and acted with great 
success before his neighbors and friends. 

The decade from 1810 to 1820 was an active one in theologi- 
cal thought in New England, it being the time of the Unita- 
rian controversy. Young Hitchcock had sided with the Uni- 
tarians at first, but on further reflection became satisfied that 
the truth lav on the orthodox side, and was induced to devote 
himself to the ministry. He fitted himself for this oflSce in 
the theological department of Yale College and was settled as 
pastor of th(» Congregational church of Conway, Massachu- 
setts, from 1821 to 1825. 
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While seeking for some means of promoting iiealth he was 
led to study plants, animals and minerals, and to the acquaint- 
ance of Prof. Benjamin Silliman. Doubtless the love for sci- 
ence led him to Yale, where he might derive some collateral 
instruction besides .his theology. The early volumes of the 
American Journul of Science contain many papers based upon 
his early observations, and a lifelong friendship ensued be- 
tween the teacher and the scholar. In 1825 Hit<5hcock was 
appointed professor of chemistry and natural history in Am- 
herst College and filled this chair till elected to the presidency 
of the same institution in 1845. After nearly ten years of 
service he returned to the professorial ranks, teaching only 
geology and its relations to theology for another decade. 

A complete biography would find materials for three classes 
of activity. Firsts he was a philanthropist, theologian and 
devoted minister of the gospel. He believed in the truths of 
Christianity and labored as he had opportunity to better the 
moral condition of society. Second^ he was a college professor 
and president and achieved success both in the lecture room 
and in the management of a literary institution. By his pru- 
dence and skill he saved the college from threatened collapse. 
A burdensome debt was removed, handsome endowments se- 
cured and the number of students more than doubled during 
his administration. Thirds he was a geologist and his greatest 
successes were connected with this phase of activity. Only 
this part of his work will be here considered. 

The subject of surface geology occupied the attention of 
Mr. Hitchcock from the very beginning of his researches. In 
1823 he explained the origin of deltas, terraces, dispersion of 
drift and polished rock surfaces by the action of moving wa- 
ters or floods. Glaciers were unknown to him and were not 
referred to by any geologist as productive of drift phenomena 
before 1838 when Agassiz first promulgated the glacier theory. 
What are now distinctly known to be moraines were correctly 
described and figured in 1833 as "diluvial elevations and de- 
pressions" and it was not till 1842 that he ventured to call 
them moraines, after Agassiz, Buckland, and Lyell. In the 
presidential address of 1841 before tlie American Association 
of Geologists the main phenomena and facts of glacial dis- 
persion are correctly described and he seemed almost ready to 
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the ^m^ImI thtfjrr. Indeed. MarrhiiOB pronoaiiced him 
ft f^M0!riM\i9ft froD the resdin^ of thi# Midre«K.bot the adoption 
of the ters rgla^^eo-aqoeou* srtioii*' for the drift »hoved thftt 
the agener r#f ieebecgw appeared the more importaDt. There 
were three difli#'ultie« in hi^ war: im. the imoieiise area oe^ 
espied bj the ftuppoMd iee-§heet. far greater than aor known 
ffjutem of gtaeien^: ieeond. the transport of boolders from 
lower to higher lereU, a« from the St. Lawrenee rallej to the 
topn of the Green moantains and bejond : and third the pres- 
ence of the enormous moraines near the fiea coa«t in Ma«8a- 
ehuiiettii. He once remarked upon the pos«ibi)itT that these 
hillockfi might have been the terminal moraines of this imag- 
ined iee-«heet, which is the earliest allusion to such a riew 
that can be found anywhere in the annals of American geol- 

After returning from Switzerland he discovered in western 
Massachusetts the moraines and glacial markings of real gla- 
ciers, which he distinguished carefully from the phenomena of 
genera] drift supposed to have been produced by icebergs. 
Later discoveries enabled him to generalize and advocate the 
presence of glaciers upon the summits of the White and Green 
mountains and other equally high mountains by inference, 
from which bergs broke off and floated away more or less ra- 
dially. But he was careful to explain that this was a local 
glaeiation and entirely distinct from the general drift, which 
still seemed to him to have been produced mainly by floating and 
shore ice. As his early life \\Hd been spent in a region where 
the terraces are unusually perfect, he was led naturally to 
adopt theories which would explain t-heir origin, and thus he 
made much of the distinction between the drift and the mod- 
ified drift, asserting that the terraces had been derived from a 
re-working or assorting of the ice-made accumulations. It 
was the careful study of terraces that led to the preparation 
of the Illustrations of surface geology published by the 
Smithsonian Institution in 1857. This was, to that date, the 
most complete treatise upon surface geology that had been 
published in the United States. It is to his credit that he did 
not allow himself to be led astray by any fanciful theory like 
that jiroposed by the brothers Rogers, who were his contem- 
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poraries. Hitchcock never hesitated to say, " I do not know,"* 
when existing theories failed to be reasonably satisfactory. 
This was especially obvious in his treatment of the celebrated 
Berkshire trains of boulders. Had he lived two years longer, 
he would have probably adopted the glacial theory, as by that 
time it had become obvious that the immensity of the glacial 
area and the ascent of the ice thousands of feet were no 
bar to its adoption ; and he would then have been the first 
to see a terminal moraine in the hillocks of cape Cod and Long 
island. 

The name of Edward Hitchcock is more thoroughly identi- 
fied with the subject of ichnology and the Connecticut sand- 
stone. To him belongs the honor of having proved the exist- 
ence of a large fauna of giant bipeds and quadrupeds in the 
trias of New England from their footmarks. When he first 
examined the track of the large Brontozoum some eighteen 
inches in length, he threw away the slab, supposing it merely an 
accidental resemblance, but very soon he discovered that the 
accidents were the law in this case and the large creatures 
were very plenty. It was the description of these gigantic 
footmarks that fortified Prof. Owen, of London, in his belief 
in the existence of the Deinornis of New Zealand. The bib- 
liography shows how numerous and varied were the papers 
illustrating these ichnit«s. The footmarks gave the first 
proofs of the existence of Deinosaurs, although they received 
the name of " ornithoid lizards or batrachians." The final 
classification of Prof. Hitchcock summarized the groups as 
follows: one marsupial; seventeen pachydactylous birds; 
seventeen leptodactylous birds; twenty-one ornithoid reptiles; 
twenty-five reptiles and Amphibia; seventeen Batrachia; six 
Chelonia ; two fish ; twenty- four insects; twenty-one inferior 
Arthropoda or larvae ; and ten Mollusea, or over one hundred 
and fifty in all. There is a fine collection of these lehnozoa 
at Amherst, where a room one hundred by thirty feet, with 
two smaller ones, are filled by numerous slabs, exhibiting over 
20,000 distinct impressions, all gathered by Edward Hitchcock 
and named after him since his decease. A fine marble bust by 
Millmore adorns one of the shelves. 

♦My brother adds as very characteristic of our father, that he should 
acknowledge that he made a mistake in calling the lizards and batrach- 
ians birds at the first. 
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Perhap« greater originality is indicated by his discoveries 
of distorted and metamorphosed pebbles in conglomerates. 
As far back an 188H he noticed these elongated pebbles near 
Newport, R. I., and briefly described them in his reports of 
1833, 1835, and 1841. In 1859 additional localities showing 
greater distortions and alterations were found on both sides 
of the Green mountains. The following conclusions he de- 
rived from the Khode Island illustrations: 1. The rock was 
once a normal conglomerate, with the ordinary waterwom 
rounded pebbles, which have been elongated, flattened, bent 
and indented by some subsequent agency. 2. The pebbles 
were somewhat plastic before distortion. 3. Pebbles upon ex- 
isting beaches do not exhibit any such distortions. 4. Some 
of the pebbles have been cut by joints. 6. The forces produc- 
ing the alterations are the same that have produced plication. 
From the more northern examples it may be said further, 6, 
that in Vermont the elongation and flattening operated most 
energetically in the direction of the dip, while it had been 
in the direction of the strike in Rhode Island. 7. This was 
often elFected by minute folding. 8. Some of these conglom- 
erates after extreme flattening have been altered into crystalline 
schists, partly by chemical changes, partly by mechanical flex- 
ing. This may be done in many cases without obliterating 
entirely the original fragmental shapes. It is not to the credit 
of American geologists that so many of them refused to ac- 
cept these views till they were forced to do so by the petro- 
graphical studies entered upon by Europeans. The micro- 
scope has fully confirmed and enlarged our views respecting 
the origin of many schists from sediments, through mechani- 
cal and chemical alteration of the constituent fragments. 

Edward Hitchcock also performed eminent service in con- 
ducting geological surveys and in establishing scientific asso- 
ciations. It was his success in conducting explorations in 
Massachusetts that led to the inauguration of similar surveys 
simultaneously in 181^6 in all the important states in the then 
existing I'nion. The g(»vernment of New York consulted him 
as to the >)est method of surveying that great state, and his 
advice that it be divided into fiKir districts was followed, and 

'* was appointed to the charge of the survey of the first dis- 

et. He entered up<m the work with (\ B. Adams for assist- 
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ant, but thought best to resign, largely to endeavor to urge 
the importance of a re-survey of Massachusetts. This effort 
was successful and the final results appeared in 1841. Further 
researches in ichnology and certain special topics appeared in 
1853 and 1859 as a part of this state survey. In 1857 he was 
persuaded to direct the state survey of Vermont, whose results 
appeared in 1861. 

For several years he had labored to bring the working geol- 
ogists of the country together to confer and compare re- 
sults. This was the origin of the American Association of 
Geologists, who met for the first time at Philadelphia in 1840, 
and he was the first president. This company invited the 
naturalists to join them the following year, and the organiza- 
tion was known as the American Association of Geologists 
and Naturalists until 1848, when, by the addition of the physt 
icists the society became the American Association for the 
Advancement of Science. The meetings of this society he al- 
ways attended and took prominent part in its sessions as in- 
dicated by the records. 

A very appreciative biographical sketch was prepared and 
read by Prof. J. P. I^sley before the National Academy of 
Sciences in 1866. To this and to his autobiography we must 
refer those who wish for a fuller information than can be 
given here. The portrait (plate VII) represents him as he 
api>eared not far from the age of fifty-five. 
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f Crucial points in the oeoloot of the Lake Superior region. No. 7.] 
A RATIONAL VIEW OF THE KEWEENAWAN. 

By N. H. Winchell, Minneapolis, Minn. 

The following further difficulties stand in the way of the 
Wisconsin idea of the separateness of the horizontal Lake Su- 
perior sandstones from the tilted. 

1. There is no permanent petrographic distinction between 
them. The red shales and red sandstones, which are said to 
prevail in the tilted beds, are found in great volume in the lower 
portion of the horizontal beds. This may be seen in consult- 
ing the sections of the horizontal beds recorded by the Minne- 
sota survey,* and by the descriptions of Mr. Sweet in volume 
III of the Wisconsin report, as well as by those of the eastern 
-sandstone for many miles east of Keweenaw point by C. Rom- 
inger. 

2. The tilted beds are sometimes horizontal or nearly so, 
and the horizontal beds are sometimes tilted at high angles.f 

3. The top of the Keweenawan sandstones has never been ob- 
served. 

4. The bottom of the overlying sandstones has never been 
observed except where by regional subsidence it is non-con- 
formable upon the tilted traps or the older crystallines. 

5. In various places the horizontal sandstones, and even 
some of the higher associated magnesian limestones, have been 
seen non-conformable on the traps of the lower portion of the 
Keweenawan, indicating a progressive submergence aft-er the 
tilting of the traps. 

6. The non-conformable contact which is assumed to have 
taken place between the base of the horizontal sandstones and 
the Keweenawan tilted sandstones has never been observed. 

7. The whole region in which this question centers is one of 
disturbance and eruptive action. Ever since some of the hor- 
izontal sandstones were deposited there have been such move- 

*N. H. Winchell, Tenth Minnesota report, pp. 30-34, 1881. 

tSwEET, Trans. Wis. Acad. Sci., vol. iii, p. 46. Irving, in Am. Jour. 
Sci., (3), vol. viii, Jul^', 1874, p. 50, describes briefly horizontal red sand- 
stones and shale on Silver creek, but in Copper Bearing Rocks of Lake 
Superior, Mon. V, U. S. Geol. Survey, he includes these in his upper 
member of tho Keweenawan. See plate xxii. See also p. 411, where 
Irving speaks of the " comparative flatness of the northward dip.*' 

Brooks, Geol. Sur. of Mich., vol. i, p. 185, 1873. 

At nearly all the points where the horizontal sandstone lies non-con- 
formably upon the traps it is locally highly tilted away from the traps. 
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ment8 that the sandstones are broken and thrust in various 
attitudes in their immediate relations with the traps. 

8. The shortest observed interval between the horizontal 
sandstones and the tilted sandstones, within which such non- 
conformity must occur, if it exist at all, is four miles, viz., 
betw^een Montreal river and Clinton point, both in Wisconsin. 

9. If it were to be affirmed that there is no such non-con- 
formable contact between these sandstones, the statement 
could not be disproved by any known facts. 

10. If the statement were to be made that the upper part of 
the Keweenawan sandstones passes conformably into the hori- 
zontal, as represented in figure 1, in all places where they are 
in contact, excepting only a slow subsidence of the whole re- 
gion, bringing the later horizontal sandstones unconformably 
over wider and wider areas of formerly tilted rocks, such 
statement could not be disproved by any known facts, but 
would be in harmony with all that is known of these forma- 
tions. 

lf«itr«»t BlT*t 

MS'.ifJA'.innrtff. ^... ,^,— *. 
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FiouBE 1. Structural relations of the sandstones at Clinton point, Montreal river 
and Silver creek. This collocation of these outcrops is warranted by Prof. Irving's 
final mapping of the sandstones on Silver creek, in Ashland, Co., Wis. (Copper-bear- 
ing Rocks, plate iiii.) 

Up to the date of Maj. Brooks' work in the Lake Superior 
region it had generally been considered that the trap rocks of 
the copper-bearing series, and the sandstones with which they 
are associated, whether interstratified or otherwise, consti- 
tuted essentially one formation, all the non-conformities that 
were observed being local phenomena such as an epoch of 
eruptive disturbance would be subject to. When, however, 
the non-conformable underlying trap rocks at Taylor's Falls 
(i. e. St. Croix falls) were traced from that point to their 
connection with the trap rocks in the northern part of Wis- 
consin and Michigan, it was thought at once that the evidence 
bore out the conclusion that the upper sandstone was a for- 
mation distinct from the copper-bearing series. The upper 
sandstone being considered, at Taylor's Falls, as of Potsdam 
age, it was appropriate, with that view of the evidence, to give 
a new name to the trap rocks. When later it was found that 
a great thickness of sandstone is sometimes seen tilted con- 
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formably with the traps, and must therefore belong with them, 
it became necessary to divide the sandstone between the Pots- 
dam age and the age of the Keweenawan. When, still later, 
it was found that the overlying strata at Taylor's Falls are 
not of the age of the sandstones which, in the Lake Superior 
basin proper, overlie unconformably the trap r(K*ks, but are 
considerably higher, and actually consist, in part, of the mag- 
nesian limestones which are well known as parts of the Cal- 
ciferous of New York state, it became apparent that the basal 
beds of the supposed non-conformable upi>er sandstones had 
nowhere been seen, but that the Taylor's Falls locality could 
not be taken to show a wide-spread non-conformity between 
two separate formations, but rather implied that after the 
time of the eruptives there had been, in the Lake SuiK*rior re- 
gion, a subsidence which at first brought some of the lower 
sandstones upon the tilted traps non-con formably, and at a 
later date also brought some of the higher sandstones and 
some of the magnesian limestones non-ccmformably upon the 
same beds in other places. These facts have been brought to 
light since the new name was applied, and they should be 
given their proper significance, since they disturb the grand 
conclusicm as to the distinctness of the eruptive age from the 
Potsdam. Without the knowledge of this progressive sub- 
mergence after the epoch of eruption, and without the knowl- 
edge of the later crustal movements which, after the deposi- 
tion of the horizontal sandstones, have disturbed them on a 
grand scale in Douglass Co., Wisconsin, and along the Ke- 
weenaw peninsula, it was a very reasonable conclusion that 
the Keweenawan in all its parts is non-conformable below all 
the ''horizontal sandstones." That would be the first inter- 
pretation that would be put upon the facts as seen by Brooks 
and Irving. It seems now, however, that the violent tilting 
and shattering which the Keweenawan strata have sutfered 
may in part be of a date as late as after the horizontiil 
sandstones, and in part due to local volcanic or other dynamic 
disturbance during the progress of the eruptive epoch, and, 
finally, in part due to a grand crustal movement which has ad- 
vanced since Archean time tending to give both these and all 
earlier strata a synclinal dip toward lake Superior. 

The only point, however, which it is intended to insist on, at 
this place, is the lack of sufficient evidence to show a general 
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erosion interval between the Keweenawan sandstones and the 
horizontal sandstones — such an interval as would allow the 
lapse of the time involved in the Taeonic, or Lower Cambrian, 
while the region of lake Superior was dry land. During such 
an interval the upper Keweenawan sandstones would have 
been entirely swept away, or so hardened that they would 
show marked lithological contrasts with the " horizontal sand- 
stones." 

What has now been said relating to the Keweenawan is 
mainly of the nature of destructive and controversial criti- 
cism of the views which are set forth in Bulletins 81 and 86, 
of the United States Geological Survey, touching the nature 
«nd structural relations of those rocks. It sometimes becomes 
necessary to enter upon wholesale re-examination of the evi- 
dences on which h^'potheses are founded. It is proposed now 
to construct the Keweenawan in the light of some newly dis- 
<'C)vered facts, and to indicate its stratigraphic place. 

The eruptive rocks trhich hare been incbided in Michigan^ 
W isconsin and Minnesota in the Keireenatran consist of two 
widely different series, of wide ft/ separated a(/es. This state- 
ment is based on facts observed in Minnesota, mostly not yet 
published in detail, but it is believed to be equally applicable 
in Wisconsin and Michigan. The brief letter of Dr. U. S. 
Grant published* in June, 1894, expresses the key to this sep- 
aration, viz., the Animikie was upturned by eruptive disturb- 
ance, and changed to quartz-porphyries and probably augite- 
syenites prior to the Keweenawan. Along with this disturb- 
ance there issued from greater depths in the earth great 
quantities of gabbro and allied eruptives. This may be fully 
understood by consulting the important work of Dr. W. S. 
Bayley on Pigeon point,f without further specification. The 
eruptive red rocks which Bayley has described can be traced 
westwardlj' to Brule lake, and still further west and to Du- 
luth. They are not of Keweenawan age, though so mapped 
and described by Irving. They are everywhere associated 
with modified conditions of the Animikie and with coarsely 
crystalline basic rock. Indeed, the great gabbro, or anorthosyte, 

♦American Geologist, vol. xiii, p, 437, 1894. 

tThe eruptive and sedimentary rocks of Pigeon ix)int, Minn., and 
their contact phenomena. Bulletin 109, U. S. (S?ol. Surv., 1893. 
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masKen are believetl to be wholly of thit* age. The writer has 
diwusKed the pre-Keweenawan age of thin gabbro quit^ fully, 
based on Law8on*t< report and vivid illustrations from photo- 
graphs, in Bulletin 8, of the Minnesota survey, and the results 
of later field work in northeastern Minnesota have only served 
to supply details entirely consistent with this general distinc- 
tion. The basal conglomerate at Grand Portage island con- 
tains pebbles from these eruptive rocks as well as from the 
hardened elastics of the Animikie adjacent. The great gab- 
bro dikes which cut the Animikie about Grand Portage bay, 
rising abruptly, as in Mt. Josephine and Hat point, from three 
hundred to a thousand feet above lake Superior, extend from 
Pigeon point characteristically across the Indian reservation 
and to Brule lake. At this point the slates are hardened into a 
" black rm^k,'' or are rendered vesicular, but are distinguisha- 
ble as members of the Animikie. The details of the extension 
of these eruptives to Duluth cannot be given here. Suffice it 
to say that as a group they appear on the lake shore at many 
places, and apparently flowed as lava sheets. They consti- 
tute the felsytes at Grand Marais, and at Baptism river and 
near Duluth. They easily furnish pebbles on the lake beach. 
This group seems to constitute the most of the shore on the 
north side of the lake, in Minnesota, leaving much less of the 
Keweenawan proj>er than has been supposed. The later Ke- 
weenawan eruptives invaded these eruptives in the form of 
laccolites and of dikes. The gabbro is frequently cut by them. 
The beautiful display of these later Keweneewan basic erupt- 
ives at the red rock point east of the ** Eastern palisades'* 
may be mentioned. The trap sheets that pass about and un- 
derlie the*' Great palisades'' are of later Keweenawan, the 
palisades themselves being pre-Keweenawan. The red islands 
at and east of Beaver bay are pre-Keweenawan. At Beaver 
bay and eastward from there the later traps hold many pieces 
of the earlier eruptives, both basic and acid, which they have 
derived from them in flowing along. These have been noted 
by several geologists. 

The reader is referred to a fuller discussion of this question 
in the introduction to Bulletin VIII, of the Minnesota survey^ 
where also is |)resented evidence of a similar separation in 
Wisconsin and Michigan. 



A national Vietr of the Keineenawan. — WfncheM, 165 

After the Animiklc revolution tras a long erosion interval. 
This interval is emphasized by the siliceous conglomerates that 
have already been referred to— first at the base of Grand 
Portage island, second, in the valley of the St. Louis river^ 
and third, west of Agogebic lake, as described recently by 
Van Hise.* This conglomerate we are disposed to consider as 
pre-Keweenawan, notwithstanding the argument of Van Hise 
that it is post-Keweenawan. Its readiness to disintegrate on 
exposure to the atmosphere is perhaps its strongest evidence 
of post-Keweenawan age. So far as observed all pre-Kewee- 
nawan conglomerates are much indurated. 

In addition to these localities Sweet has described it in T^ 
32, R. 6 W., Wisconsin, on the Chippewa river, but without 
apprehending its age, except that he found it underlying a 
massive quartzyte. The conglomerate here reaches 300 feet 
in thickness. f It has been fully described by the Wisconsin 
Geological Survey.* This conglomerate and the overlying^ 
quartzyte have been found in Minnesota associated as in Wis- 
consin. At New Ulm this conglomerate lies on a coarse red 
granite and has a thickness exposed of about 26 feet. As a 
conglomerate this formation is not known further southwest^ 
but as a quartzyte it appears conspicuously in Cottonwood 
county, where it forms a long characteristic ridge. It reappears 
in Pipestone county, and is well known at Sioux Falls, in 
South Dakota. Red felsytes, probably connected with it, have 
been described by S. W. Beyer,§ and certain diabases appar- 
ently cutting it in South Dakota have been described by G. K* 
Culver and W. H. Hobbs.|| 

This red quartzyte has had various names, and has been as- 
signed to various ages. The authors of the Wisconsin geolog- 
ical report, 1873-1879, referred it to the Huronian, and they 
have since so considered it, though,, later, Van Hise has char- 
itably covered the whole question with the convenient non- 
committal terra Ahjonkian. The writer originally, in 1872, 

♦The Penokee Iron-bearing series of Michigan and Wisconsin, Men. 
XIX, U. S. Geol. Sur., p. 461. 

tE. T. Sweet, Notes on the Greology of Northern Wisconsin. Wia- 
consin Acad. Sci. and Arts, vol. in, p. 45. 

J Vol. IV, p. 575. 

§Iowa Geological Survey, vol. i, 1892, p. 105. 

llWisconsin .\cad. Sciences, vol. viii, p. 206. 



156 The AhiericOM GtoloyUt. September. \1» 

TfrftfrTHii it Up the Potfsdain. and at a later date desi-rihed Par- 
ndor.iil^it bnrhfri and Lintjwln rnlmn*-* fnim the red pipestone 
C'laj at Pifiet^tone. Minn., which i^ a layer embraced in it. 

Probably there is no one wh^> would call in quet^tion the fact 
that thi«( conglomerate and quartzyte are earlier than the Ke- 
weenawan eruptive age. This is owing t4i the metamorphism 
and upheaval to which it has been subjected, and to a general al- 
liance which it shows in other wavs with the older rocks. That 
its age is pr>st Animikie, i. e.. post Up|>er Huronian. is shown 
by its contents. The writer once made, in company with 
Prof. K. I). Ir\ing, a collection of the various sorts of rolled 
pebbles that cK-cur in this conglomerate at New Ulm. One of 
the most common kinds is a sort c»f jasper, probably of the 
name variety as seen by Mr. Sweet in the conglomerate on the 
(/hippewa river. On making thin se<*tions of these jasper 
jKfbbles they are found to be very characteristically from the 
tacon3'te beds of the Mesabi range, or from the parallel strata 
of the Penokee range. It may be thought by those who have 
not carefully studied the crystalline rocks, that h Jasper is not 
a very sure guide to the age of the conglomerate in which it 
may occur as a pebble. But a little consideration will show, 
in this ease, that there is no mistake. This is a peculiar jasper 
— so peculiar that it has received the special name facottfffe,* 
Several thin sections are illustrated in Bulletin X, Minnesota 
survey, by Mr. J. E. Spurr (plates V, VI, VII and VIII) who 
considers this taconyte one of the stages of transformation of 
the ores of the Mesabi range from glauconite to hematite. 
Prof. Van Hise has illustrated others from the Penokee range 
in his discussion of the Penokee iron-bearing rocks (plates 
XXVI, XXVII and XXIX) but he gives a different explana- 
tion of their origin. Setting aside entirely the question of 
their origin it is plain that they are peculiar to the upper 
iron-bearing member of the Lake Superior region. Such jas- 
per pebbles of course might be found in any later fragmental 
rock, through the transportations which the formations un- 
dergo as debris from older to newer strata. But if it be char- 
acteristic in its indigenous form of a certain horizon it will 
never be found in a conglomerate at a lower stratigraphic hori- 
zon. This is the case with this curious jasper. There are 

*H. V. WiNC'HKLL, Twentieth Minnesota report, p. 124, 1893, 
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banded jiispem in the older strata, and they urv repeated in 
the Mesabi rocks, owing to the recurrence of the same causes 
and conditions in the time of the Mesabi iron ore, or owing to 
the existence of conglomarates in the Mesabi rocks derived 
from the older rocks, but there are no taconyte jaspers in the 
older rocks ; at least, during all the timn that the members of 
the Minnf^ota survey have i^tudied the older rocks none have 
been found, and they have not bsen reported from the lower 
strata by any other geologist. Dr. U. S. Grant, who dctec'ted 
this tacnnyte in this conglomerate, has kindly made the ac- 
companying drawings which show these taeonyte grains mag- 
nified about thirty diameters. 
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This seems to prove that the Sioux quartzyte, the New Ulm 
<)iiartzyte, the Barraboo quartzyte and the Biirron County 
ijuartzytes are of the same age, since thi-y have always been 
linked under one grouping by all who have classified them. 
Using post-Mesahi and post-Penokcc and i)r('-Keweenawan the 
question next arises, when- arc they tn h:- found in the Peno- 
kee region? Theii <irr lielmr lln- /Ceirmiinrii,) iliiilm^i-s. It is 
a fact, which has not attract'-d nuicli attention, that there is 
a considerable quartzyte and conglonn-rate li:-low the Kewee- 
nawan diabases in th- Penoke;- district. The writer first, so 
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far MS known, re|M)rt*Hl this in the Penokee di8triet, and re- 
ferrtil it to the base <»f the Keweenawnn.* But a very slight 
ex|vosure was seen near Bessemer in 1885. Mr. W. G. La Rue, 
of BarralHK), Wis., gave more definite information concerning 
it. North from the Colby mine near the blutfsof the Kewee- 
nawan range, which there are plainly visible rising as a series 
of hills within a mile or less of the village (Bessemer), he was 
employed to explore for ore. Under the Keweenawan diabases, 
or gabbro, he found a quartzyte and a sandstone, the two dif- 
fering only in induration, both consisting of crystalline quartz. 
He shafteil under the i|uartzyte in a conglomerate of iron ore, 
and after a time he found that the conglomerate turned al- 
most at a right angle toward the north. He did not ascertain 
what was under the conglomerate, but he found the quartzyte 
and sandstone together had a thicknex^s of at least 235 feet. 
This was in the S. W. \. N. E. i, sec. 10, 47-15, Michigan. 

Besides the |x»ints mentioned in Minne^sota two others may 
Ih» n^fernnl tt>. In isTl* the writer noted a red quartzyte, 
whos*^ ap|>earance rt*niindeil him of the New Ulm rock, on the 
upjM^r waters %\f the TemiH-rance river, near the Mesabi divide. 
This is much re-crvstaUizetl. however, s<i far as specimens col- 
Itvitnl show, bui 'M»i:if of thf thin st-ctions consist almost whol- 
ly of quartx. Thi> quartzyte range «iccurs just south of the 
anortht^syie and the r*tl-n«<*k belt, and north of ilie principal 
Kc>K«HMiawan ridge. Again, in Bulletin V, of the Minnesota 
gx^W^xgical >\ir\ey. will U- found the rect^rd of a deep well 
driUtnl at Short Line Park, in the St. l> mis valley west of I)u- 
huh, Thi^ v^ell i< Itvau-i! ah»»i:t :^"» feet aK"»ve the river, on 
the rtauk of the ^* cabbrv.** r.'tng*-. m hi^h here, however, consists 
M ,H moTx t>r lev^ d:»lv3i>io. an:ypiai«*idal n^k. The drill 
^tvuok .-^t th« *i«|^ih .'f 4tv:> fetT. a .^Vianz««se n^k. or grit, 
whioh |^r\^\«>i t«^ d« x< '.»'|« :»: » cr«»*rr uepih into a siliceous 
t on^l»^uuv«tt >x Ivloh x%«^ o«->n-r:^^v^ w^ * i *7(urt*mf, plainly the 
'^^siu* ,Hv th,^t whs^h i> s: :^i rixtr ^itn }iH»ui a mile further 
^i,^^\r. \\u >?*'..« \, ?*.r»vjn;\ tm'i rr«x; : ji^ i^r-^Kably being pre- 
Kt ^^«^ r.,s\\:i^^ Vtv.^ v,s k x* j»^ ^:r,.ik S- -m ±>« fwt of the S4>- 
» s ,^i K'^'"'^-'.^ .-\ :■•«,: r^^c: v., ^': ^, *itxt •;«e*i n Thickness of 67 
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there tras a long erottion hifenuil. It may be that the great fel- 
8jte-pebble conglomerate at the mouth of the Montreal river 
will prove yet to be the basal conglomerate of the Keweena- 
wan proper. It is evident that it remains yet to trace out this 
quartzyte and conglomerate carefully in* Wisconsin and Michi- 
j^an, as well as in Minnesota, for that they have an important 
place and significance seems unquestionable. It will doubtless 
be found, in the main, along the base of the precipitous side 
of the Keweenawan ridge, in Minnesota on the north side of 
the Keweenawan hills and in Wisconsin on the south side of 
the same range. Owing to the induration which it and the 
overlying sandstone have suffered by the action of the Ke- 
weenawan traps, it is very persistent and has escaped the de- 
struction which otherwise would have befallen it. In volume, 
character and hardness it is comparable to the conglomerate 
and associated quartzyte described by the writer at Cascade, 
Mich., and at Ishpeming.* At the former of these points it 
lies on the Taconic ore horizon of the Animikie and contains 
the peculiar taconyte pebbles, but at the latter it is non-con- 
formable on the lower iron horizon, viz., that of the Vermilion 
range of Minnesota, and is made up locally of the debris of 
the Archean. The horizon of the conglomerate itself, how- 
ever, is the same at both points, as it is traceable continuously 
between- them. It has been supposed to belong in the base of 
the Taconic horizon (Upper Huronian) but evidently it is later 
and, according to the foregoing classification, belongs to the 
base of the Keweenawan. Other conglomerates in the region, 
much less dense, though non-conformable on the Taconic iron 
horizon, may belong higher. The mere fact that a conglom- 
erate contains taconyte does not prove it to belong at the base 
of the Keweenawan. It only proves that it cannot be older 
than the base of the Keweenawan. 

There is a curious anomaly to which Van Hise has called 
attention in the Penokee region, viz., the '"cherty carbonate" 
is intermittent, although it is a part of the Penokee series. A 
conglomeratic quartzyte lies non-conformably upon it. It 
may be that in some places he has mistaken the basal con- 
glomerate of the Keweenawan for a conglomerate of the Pen- 
okee series. In case the structural relations do not sufficiently 

♦Sixteenth Minnesota report, pp. 4.3-48, 1887. 
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determine the stratigraphic place of such a transgressive con- 
glomerate, an inspection of the pebbles would decide. If any 
of them consist of the peculiar taconj^te, the conglomerate 
must be later than the Penokee series. 

Prof. Van Hise has kindly submitted for examination three 
specimens taken from this conglomerate, viz., Nos. 9418, 9420 
and 9449 (mentioned on pp. 167 and 169, Mon. XIX, U. S. 
Geol. Survey). They are from sees. 14 and 15, of T. 47-45 W., 
Michigan. The first two of these show no evident taconyte 
pebbles but numerous angular and sub-angular pieces of 
cherty silica, in a dark graj'' or greenish matrix. *No. 9449 is 
similarly composed, but coarser and lighter colored. There is 
near the center of this specimen a large light-gray, impure, 
cherty mass or fragment whose texture and composition are 
not unlike some parts of the taconyte seen in the Mesabi rocks 
of Minnesota, but there are no certain or characteristic glob- 
ular spots in any of the pebbles marking the conglomerate as 
post- Penokee. The conglomerate at the Palms mine likewise 
shows, in one specimen belonging to the Minnesota survey, 
nothing but debris from the Archean. 

On the north shore of lake Superior this conglomerate leaves 
the Minnesota shore at Grand Portage island. It reappears 
at the west end of Isle Royale, where it has a large exposure, 
and is overlain by red sandstone.* It is largely exposed north- 
ward from Siskiwit bay, having a strong dip toward the south. 
The northern rim of this island is composed of a dike or series 
of dikes of the type of the Grand Portage and Pigeon Point 
dikes. The shore is high and precipitous and the water very 
deep, caused by the perpendicularity of an immense Aniniikie 
dike. The overlying Keweenawan conglomerate consists of 
felsitic material of Aniraikie source, also of some of the hard- 
ened grits of the Wauswaugoning quartzyte. Thus Isle Roy- 
ale is divisible between the Aniniikie and the Keweenawan, 
the larger portion of it belonging to the latter. The strike of 
these Keweenawan beds is such that they cannot reach the 
Lake Superior shore again until many miles east of Thunder 
bay and Nipigon. In addition to this, they differ so remark- 
ably from the fragmental strata, which at Thunder bay and 
Black bav have been considered the base of the Keweenawan 



♦Tenth Minnesota report, p. 48. 



A Rational Vieic of the Keiree.nairan. — Witichell, 161 

by Irving and Van Hise, that they cannot be parallelized with 
them, although they directly overlie non-con formably the 
same Animikie beds. 

Mr. Thomas Macfarlane <-oncluded from his section of the 
Keweenawan at cape Mamainse, on the eastern shore of lake 
Su|>erior*, that a sandstone of greater age than the bedded 
traps is a reasonable supposition, from the evidence, and that 
it perhaps belongs to the lower group of the upper copper- 
hearing series. He seems, however, in deference to the opin- 
ion of Sir William Logan, to have finally decided that it is a 
part of the non-conformable overlying sandstones which ex- 
tend to Sault Ste. Marie. 

T/ie Keireenntran ernptire at/e^ foUotrimj the, accumnlntiou 
of this cinHflomerate and qnartzyte^sepnrated the Paradoxiiles 
horizon from the DiceVocephabitt horizon. The former is rep- 
resented by Paradoxides barberi of the pipestone clay, and the 
latter by the fossils of the St. Croix beds of the Mississippi 
valley. It is evident from the non-discovery of fossils that 
during the accumulation of the Lake Superior sandstone, 
which seems to be conformable below the St. Croix sandstones 
and dolomytes, the ocean's waters were not yet sufficiently 
sett4ed to allow of the existence of animal life, at least in the 
Lake Superior region. There is no evidence that the ocean 
was driven out at once after the eruptions. 

The Olenellus horizon in separated from the Paradoxides 
horizon by the disturbance that closed the Animikie. The ab- 
sence of Olenellus, and of nearly all fossils, from the Animikie 
strata of course stands yet in the way of the full establish- 
ment of this proposition. But there is every reason to expect 
that the proper fauna will yet be discovered in these beds. 
Indeed, it is not wholly wanting. Mr. G. F. Matthew has de- 
scribed a Taonurus-like impression from the Animikie rocks 
of the north shore of lake Superior, discovered by Dr. Selwyn, 
and has named it Mednsichnites,\ This is similar to several 
other forms found by Mr. Matthew in the St. John group of 
New Brunswick and illustrated by him in the same volume. 

Reference should also be made to the indication of foramin- 
iferal fossils in the glauconite sand from which the iron ores 

♦Geological Survey of Canada, Report for 18C(), p. 13G. 

tTrans. Roy. Soc. Canada, vol. viii, sec. iv, p. 143, 1890. Originally 
described in the Am. Jour. Sci., Feb., 1890, as Taonichtiites. 
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of the Menabi region are derived. Although ae yet no identi- 
fiable organic forms have been detected in the few miero8copie 
slides that have been made, their presence in the rock origi- 
nally is so strongly indicated by all the attendant circum- 
stances that Mr. Spurr has included it as probable amongst 
his final conclusions.* This discovery is also in line with the 
late announcement by Mr. W. I). Matthew of the discovery of 
many foramini feral forms associated with a large amount (»f 
iron in the St. John group, in New Brunswick, f which points 
to the Lower Cambrian age of the upper iron-bearing rocks of 
the Meeabi region. 



THE MENTOR BEDS: 

A CENTRAL KANSAS TERRANE OF THE COM- 
ANCHE SERIES. 

By F. W. Cbaoin, Colorado Sprinflrs, Colo. 

The Mentor beds^ named from a small station in Saline 
county, Kansas, within the area of their outcrop, are a terrane 
of variegated, earthy- textured marine shales, with interca- 
lated beds of brown sandstone, resting in part conformably 
upon the Kiowa shales and in part unconformably upon the 
drab and purple-red laminated shales and impure limestones 
of the Permian, and succeeded above by the more heavily are- 
naceous fresh-water sediments of the Dakota. They were 
formerly considered by all geologists as constituting a part of 
the Dakota group, but are now known to belong to the upper 
part of the Comanche series. 

The Mentor beds occur typically in Saline county, to whose 
area their outcrops contribute more than those of any other 
formation, and nearly all of that part over which the Dakota- 
sandstone-topped Iron C-ap mound. North Pole mound. Soldier 
Cap mound, and Smoky Hill buttes stand sentinel and indi- 
cate the comparatively recent erosion of the Dakota. They 
occur in the southeastern quarter of Ellsworth county also, 
extending thence eastward across the northern part of Mc- 
Pherson county, to and beyond the noted double eminence, 

♦American Geolocust, vol xiii, p. 335. 
Bulletin X, Minnesota Greological Survey, 18^. 
tTrans. N. Y. Acad. Sci., vol. xii, pp, 108-120, 1893. 
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which, strewn with huge rectangular blocks of quartzytic 
sandstone, is knawn as Battle hill. They are supposed to ap- 
pear to some extent also in Rice, Marion, and Dickinson coun- 
ties, though their presence there still lacks confirmation, and 
in Marion and Dickinson they must be limited to the northern 
and southern parts of the counties respectively. 

The shales of the Mentor beds are chiefly argillaceous,but they 
I'ontain a greater or less admixture of sand, to which, as soft 
sandstones, they locally give place in certain horizons. They 
apparently contain some lime also, partly in the condition of 
sulphate. Being little consolidated, they weather into gentle 
slopes and broad, low, rounded eminences scarcely worthy the 
name of hills, and present few conspicuous outcrops. Such 
outcrops of the shales as do occur present themselves either as 
limited, more or less steep-faced banks of marly-appearing 
clay, of white, ferruginous-yellow, red, or blue color, or parti- 
colored with two or more of these. Their coloring seems to be 
the result of the variable distribution of oxide, peroxide, and 
sulphates of iron. 

The sandstone of the Mentor beds occurs in thin, local 
strata. While these are of slight consequence judged by the 
space they occupy, they are nevertheless of great strati graphic 
imf>ortance, since it is from these alone that our knowledge of 
the geological age of the Mentor terrane has been derived. 
So soft is this sandstone that its natural outcrops rarely present 
themselves as integral ledges, but commonly as slopes scattered 
with lumps and slabs of sandstone, representing the hardest and 
most durable parts of a vanished V)ed ; but occasionally ap- 
pears a ledge that is considered sufficiently hard and uniform 
to be quarried, yielding a rather soft and poor quality of 
building-stone. Some quarries of this sort, belonging to the 
Mentor beds, may be seen in the district between Bavaria and 
Soldier Cap mound. 

The thickness of the Mentor beds varies greatly, since that 
portion of the terrane that rests directly upon the Permian 
lies unconformably upon the latter and presents considerable 
differences in the elevation of its base. It probably nowhere 
greatly exceeds fifty or sixty feet. 

The fauna of the Mentor beds, so far as at present known, 
is included in the following list: 
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(Mreti frn uklin i . Coq . 
Ontrea qtiadruplicaia, Shum. 
Arufmia np. 

Aviciila Hnlinainiiin, White. 
Gervillefi inndgrmifi. White. 
Mfffiiola itedernnliH^ R^^iem. 
BarlHitm iHiraJleIn, Mk 
Trigonarca mtliitfifnnin, Mk. 
Sufjila cat Iter hid. CraK- 

Voldia micrfMloiita, Mk. 

■ 

Trigom'a clavhjera, Craff. 
(*mMMatelfinfi oldotiga, Mk. 



Card him kanstanenne, Mk. 
PrtjUfcarfihim texanum^ Con. 
(Utrbieula (?i nticaih, Mk. 
(\jrhicMla ttiibtriyonalis. Mk. 
Cyprimeria texanu, Roem. 
Tellhia xubMcitulo, Mk. 
ArcffjMigeUa mactroiden^ Mk. 
Ijeptoisolen conradi, Mk. 
Mactni sioiixenitU, M. &. H. 
Margarita mndgeaHa, Mk. 
TiirritelUi neriaiim-grannlata, R. 
SphetifHltHCUif jtedernalis. Von B. 



Lneimi f?» «/>. 

About twenty-five yearn ago Prof. B. F. Mudge collected a 
number of marine foi^niln from sandstone of the Mentor beds* 
(then referred to the Dakota) twelve milen southwest of Sa- 
Una. Of the sixteen mollus<*an forms reported as thus col- 
lected by him, fourteen were described by Meek in the Fourth 
Annual Report and in volume IX of the Final Report of the 
Hayden V. S. Geological Survey of the Territories, all of these 
being illustrated in the latter volume; and two were described 
and figured by White in volume IX of the Proceedings of the 
U. S. National Museum and in the Twelfth Annual Report of 
the Hayden Survey. 

The forms described from this terrane by these authors are 
as follows : 



Ontren H}t. 

AvicnUi HaliHa^nHtH, White. 
(ierciUea mndyeana, White. 
Barlndia jHirallela, Mk. 
Trigonarca Halinfi^nsiH, Mk. 
Voldia microdonta, Mk. 
CraHHatellina oblonga. Mk. 
Corbie II la (?) uiicaliH, Mk. 



Corbicula subtrigonalis, Mk. 
Cardium kansanense, Mk, 
Protocardium salindense^ Mk. 
Tellina HubHcitula, Mk. 
ArcopagelUi niactroides, Mk. 
I^ptoHolen conradi^ Mk. 
Margarita mudgeana^ Mk. 
Turritella kansanrnsisn Mk. 



The Tin'rifi'lla kaiisaseiisis of this list is a synonym of T, 
Mcrfafiiii-graitiihila, Roemer, which occurs in all or nearly all 
of the terran<»s of the middle and upper Comanche. Modiola 
j)edf'rnalis, Cifpriiiieria fewaiia. and SpheiKtdiscint pedernalis of 
the general faunal list are likewise common to the middle and 
upper Comanche. Profin'ordlinn .s<ih'n(i'nise^ Meek, is a syno- 
nym of P. fi'.ramfiii^Cim., a species of the Denison beds and of 
the Kiowa shales. The specimens of this species figured by 
Meek are young examples; but the Mentor shales yield large 
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examples of the typical form so common in the Denison beds 
and in the Kiowa shales.- The Cardium knnsnsense is a com- 
mon fossil of the Kiowa shales but has not been reported from 
the Denison beds. Ostrea franklin i occurs in profusion in the 
Kiowa shales and less abundantly in the Denison beds ; while 
the O. (juadruplicata, abundant in the Denison beds, occurs^ 
only in the upper part of the Kiowa shales, and that rather 
sparingly. Trigonia clavigera is common in the Marietta 
beds of the Denison and in the Kiowa. In his recent ar- 
ticle on "The Choctaw and Grayson terranes of the Ari- 
etina" (published April 5, 1896, in Colorado College Stud- 
ies, vol. 5*) the writer has noted the occurrence of the 
Yoldia microdonta in the Pawpaw clays of the Denison beds. 
It is probable that Margaritana mudgeana, Meek, should be- 
added to the list of species common to the Mentor beds and 
the Kiowa shales,*as the writer's M. mnrconana is closely re- 
lated to it and is likely to prove to be synonymous. The re- 
volving carinas on the shell are represented as plain in the 
former and are apparently crenulated or granulated in the 
latter species ; but this supposed difference may be due to a 
difference in the state of preservation of the specimens exam- 
ined. 

The Mentor beds are thus seen to be characterized by a. 

fauna related to that of the Denison beds and still more closely 
to that of the Kiowa shales. Their fauna is, in fact, especially 
related to that of the upper part of the latter. 

The stratigraphic relation to the Kiowa shales is also close. 
While the Mentor beds generally rest upon the Permian in Sa- 
line county, they rest in part upon the Kiowa shales further 
southward, as shown by the occurrence beneath them of black 
shales amongst some of whose fossils, submitted to the writer 
from a few miles west of Lindsborg by Prof. J. A. Udden, are 
Modiola stonewallensis^ nob., and Sphenodisrus pedernaliSy 
Roem. ; but whether they are to be considered as overlying all 
of the Kiowa or only a lower part of it, and whether or not 
they merge southward into the upper part of the Kiowa, are 
questions that remain still unanswered. 

♦As the date of the pai)er8 published in this volume has been called' 
in question, the writer wishes here to state that, owing to circum- 
stances beyond his control, this "Fifth Annual Publication'' was erro- 
neously dated **1894." Being a delayed volume, due to appear in 1894, 
it should have been inscribed, "For 1894," and the date of publication,. 
1895, should have been rei)eated at the foot of the title page. 
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1. Introduction. 

It is now generally known that the youngest stages of 
trilobites found as fossils are minute ovate or discoid bodies, 
not more than one millimetre in length, in which the head por- 
tion greatly predominates. Altogether they present very little 
likeness to the adult form, to which, however, they are trace- 
able through a longer or shorter series of modifications. 

Since Barrande^ first demonstrated the metamorphoses of 
trilobites, in 1849, similar observations have been made upon 
a number of different genera by Ford,22 Walcott,^** *. 3^ Mat- 
thew,2«. 27. 28 Salter,32 Callaway,i» and the writer.^- »• "^ The 
general facts in the ontogeny have thus become well estab- 
lished and the main features of the larval form are fairly well 
understood. 

Before the recognition of the progressive transformation 
undergone by trilobites in their development, it was the cus- 
tom to apply a name to each variation in the number of tho- 
racic segments and in other features of the test. The most 
notable example of this is seen in the trilobite now commonly 
known as Sao hirsufa Barrande. It was shown by Barrande* 
that Corda^'' had given no less than ten generic and eighteen 
specific names to difi'erent stages in the growth of this species 
alone. 

The changes taking place in the growth of an individual are 
chiefly : the elongation of the body through the gradual addi- 
tion of the free thoracic segments ; the translation of the eyes, 
when present; the modifications in the axis of the glabella; 
the growth of the free-cheeks ; and the final assumption of the 
mature specific characters of pygidium and ornamentation. 

In the present paper the larval stages of several species are de- 
scribed and illustrated for the first time, and a review is under- 
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taken of all the known early larval stages thus far described. 
This work would have no special interest in itself were it not 
for the fact, that, with our present understanding of trilobite 
morphology, it is possible to reach some conclusions of general 
importance, which have a direct bearing on the significance 
and interpretation of several of the leading features of the 
trilobite carapace, and incidentally upon the structure and re- 
lations of the nauplius of the higher Crustacea. 

II. The Protaspis. 
Barrande^ recognized four orders of development in the 
trilobites, as follows: 

( Head predominating, incomplete. ) Types. 

I. j Thorax nothing or rudimentary. [ Sao hirsuta, 
I Pygidium nothing. ) 

TT i K.^^n^h^;i° I Trinucleus omatm, and 

{ Pygidium distinct, incomplete. ) xi5/«vo.^t*o 

I Head complete. \ 

III. \ Thorax distinct, incomplete. [ Arethusina konincki. 

( Pygidium distinct, incomplete. ) 

( Head complete. ^ 

rV. j Thorax complete. [ Dalmanites hausmanni. 

( Pygidium distinct, incomplete. ) 

A study of these groups shows at once that they form a 
progressive series in which the first alone is primitive. The 
others are more advanced stages of development, as shown by 
the larger size of the individuals, and their having characters 
which appear successively in the ontogeny of a species belong- 
ing to the first- order of development. To attain the stage 
which is represented by actual specimens, they must have 
passed through earlier stages, which as yet have not been 
found. Furthermore, it is evident that Barrande did not con- 
sider the orders after the first as primitive, and characteristic 
of the genera cited, for, in some remarks under the third or- 
der, he says^: "II est trc^s-vraisemblable, que la plupart des 
Trilobites de cette section, si ce n'est tous, devront etre un 
jour transferes dans la premiC»re, par suite de la deeouverte 
probable d'embryons sans segmens thoracique." 

The geological conditions necessary for the fossilization of 
the minute larval forms of trilobites are such, that only in 
comparatively rare instances are any of the immature stages 
preserved. Larval specimens are doubtless often overlooked 
or neglected by collectors, but generally the sediments are too 
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coarse for the preservation of these small and delicate organ- 
isms. In certain horizons and rocks, however, such remains 
are quite abundant, and complete ontological series may be 
obtained. Yet, it is not strange that series of equal complete- 
ness have not been found in all Paleozoic horizons. * 

The abbreviated or accelerated development of many of the 
higher Crustacea has resulted in pushing the typical free- 
swimming, larval nauplius so far forward in the ontogeny 
that this stage is either eliminated or passed through while 
the animal is still within the egg, so that when hatched it is 
much advanced. Although the trilobites show distinct evi- 
dence of accelerated development through the earlier inherit- 
ance of certnin characters which will be t«ken up later, yet it 
is not believed that the normal series or periods of transfor- 
mation were to any degree disturbed, since both the simplest 
and most primitive genera whose ontogeny is known and the 
most highly specialized forms agree in having a common early 
larval type. This would ba expected from their great antiq- 
uity, their comparatively generalized and uniform structure, 
and from the fact that no sessile, attached, parasitic, land, or 
fresh- water species are known. These conditions by introduc- 
ing new elements into the ontogeny would tend to modify or 
abbreviate it in various ways, especially among the higher 
genera. 

Before discussing any of the various philosophical and the- 
oretical problems involved in an attempt to correlate the lar- 
val forms of Crustacea, a brief consideration of the known 
facts relating to the larva? of trilobites will be presented. 

Minute spherical or ovoid fossils associated with trilobites 
have been described as possible trilobite eggs, by Barrande^ 
and Walcott,** but nothing is known, of course, of the embry- 
onic stages of the animals themselves. The smallest and most 
primitive organisms which have been detected, and traced 
by means of series of specimens through successive changes 
into adult trilobites, are, as stated above, little discoid or 
ovate bodies not more than one millimeter in length, as shown 
on plates VIII and IX. It is fair to assume that we have here 
a general exhibition of trilobite larval stages, since the ten spe- 
cies represented are from various geological horizons, belong- 
ing to the Cambrian, Ordovician and Silurian sediments, with 
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Devonian types, and showing the simple as well as the highly 
specialized forms. 

All the facts in the ontogeny of trilobites point to one type 
of larval structure. This is even more noticeable than among 
recent Crustacea, in which the nauplius is considered as the 
characteristic larval form. It is desirable to give a name to 
this early larval type apparently so characteristic of all trilo- 
bites, and among ditferent genera varying- only in features of 
secondary importance. This stage may therefore be called 
the protaspis (TcpcoroSj primus; affnls^ scutum). 

The principal characters of the protaspis are the following: 
Dorsal shield minute, varying in observed species from A to 
1 mm. in length ; circular or ovoid in form ; axis distinct, more 
or less strongly annulated; head portion predominating; 
glabella with five annulations; abdominal portion usually less 
than one- third the whole length of the shield, axis with from 
one to several annulations ; pleural portion smooth or grooved ; 
eyes when present anterior, marginal or submarginal; free- 
cheeks when present very narrow, marginal. 

Several moults took place during this stage before the com- 
plete separation of the pygidium or the introduction of tho- 
racic segments. When such moults are recognized, they may 
be considered as early, middle and late protaspis stages, and 
designated respectively as anaprotaspis, nietaprotaspis and 
paraprotaspis. They introduced various changes, such as the 
stronger annulation of the axis, the beginning of the free- 
cheeks, and the growth of the pygidial portion from the in- 
troduction of new appendages and segments as indicated by 
additional grooves on the axis and pleura. Similar ecdyses 
occur during the nauplius stage of many living Crustacea be- 
fore a decided transformation is brought about. Certain of 
these later stages have received a distinctive name, and are 
called the metanauplius. 

It is believed that the protaspis is homologous with the 
nauplius or metanauplius of the higher Crustacea. Most of 
the reasons for this belief will appear later in the present 
paper; some which may be stated now are as follows: 

(1) The size of the protaspis does not differ greatly from 
that of many nauplii, and represents as large an animal as 
could be hatched from the bodies considered as the eggs of 
trilobites. 
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(2) Some of the sediments carefully examined by the writer 
could preserve smaller larval trilobites were such originally 
present and provided with a chltinous test, as shown by the 
abundance of minute ostracodes, and the perfection of detail 
in these and other fossils. 

(3) The protaspis can be shown to be structurally closely 
related to the nauplius, and in a more marked degree possesses 
some characters required in the theoretical crustacean an- 
cestor. 

111. Review op Larval Stages op Trilobites. 

Matthew*-"' 28 has carefully described several early larval 
(protaspis) stages of trilobites from the Cambrian rocks of 
New Brunswick, which are very simple and primitive, and will 
be noticed first. 

Solenopleftrn robbi Hartt ; plate VIII, figure 1 ; from the 
C*ambrian of New Brunswick ; after Matthew.**" This larva is 
very minute and circular in outline; the glabella is obscurely 
annulated and extends to the anterior margin, where it is ex- 
panded; the neck ring is the only one well defined; the ab- 
dominal portion is less than one-third the whole length, and 
is limite^d by a slight transverse furrow; no traces of eyes or 
free-cheeks discernible. 

Liostracus onanyondianint Hartt; platt* Vlll, figure 2; from 
the Cambrian of New Brunswick; after Matthew,^^ This 
form is similar to the preceding, though larger, and with the 
glabella more rapidly expanding in front. The neck segment 
is the only one which is distinct. 

It should be mentioned that most of the larval specimens 
here described and figured are preserved in fine shales and 
slates, as casts of the interior of the dorsal shield, so that 
some features are not as emphatic as on the exterior of the 
test. When well preserved, the axis always shows the typical 
five annulations on the cephalon. 

Ptifchopan'a linnarssom' Walcott ; plate VIII, figures 3 and 
4 ; from the Cambrian of New Brunswick ; after Matthew.2* 
The earliest stage is slightly more elongate than the preced- 
ing forms. The axis is narrow, expanding in front and ob- 
scurely annulated, five annuhitions belonging to the cephalon, 
and one to the pygidium, which is very short and separated 
from the cephalon by a distinct groove. 
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The second stage (figure 4) is decidedly more elongate; the 
axis is more distinctly annulated ; the occipital pleura defined ; 
and the pygidium is larger and has an additional segment. 

Ptychoparia kingi Meek ; plate VIII, figures 6, 6 and 7 ; 
from the Cambrian of Nevada and Utah. Figure 5 represents 
a cast of the protaspis, and shows a defined occipital ring, 
with the axis slightly expanded and undefined in front; py- 
gidium truncate behind. Figure 6, which is referred to a 
later stage (metaprotaspis) of the same species, shows the in- 
ception of several characters that have not as yet appeared in 
the previous larvai. The axis is very strongly annulated ; the 
anterior lobe is nearly as long as the four posterior annula- 
tions of the cephalon, and on each side there is a furrow rep- 
resenting the eye- line of the adult; the free-cheeks are pres- 
ent as narrow marginal plates, including the genal spines ; the 
pygidium shows two segments separated by a furrow. 

An adult Ptychoparia kingi is shown in figure 7 and may 
be taken as representing the sum of the changes passed 
through in the development of larvai like the preceding, be- 
longing to the genera Soleiiopleura^ Liostracus and Ptycho- 
paria. The introduction and growth of the segments of the 
thorax are perhaps the most marked changes, but other points 
of importance to be noted are : the comparatively smaller size 
of the cephalon and its transverse form ; the limitation and 
recession of the glabella, which is now rounded in front, and 
only extends about two-thirds the length of the cephalon ; the 
growth of the eyes and free-cheeks at the expense of the fixed- 
cheeks; the increased segmentation of the abdomen, shown in 
the axial and pleural grooves on the pygidium. 

Sao hirsftta Barrande ; plate VIII, figures 8, 9, 10 and II ; from 
the Cambrian of Bohemia ; after Barrande.-^ The specimens of 
this species are preserved as casts, and several of the features 
are therefore somewhat subdued. The earliest or anaprotaspis 
stage, represented in figure 8, is quite as primitive in most re- 
spects as any of the preceding. It is circular in outline, the 
annulations of the axis are distinctly shown only in the neck 
segment and pygidial portion, and the eye-line is present. In 
figure 9 of the metaprotaspis, quite an advance is seen in the 
development of the free-cheeks and the more pronounced an- 
nulation of the glabella, together with pleural grooves from 
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the neck segment and thofie of the pygidium. The next stage 
(figure 10) probably represents the clo^te of theprotaspis stage 
(paraprotaspis) and the inception of the nepionic condition, 
when the cephalon and pygidium are distinct and before the 
development of the free thoracic segments. 

In considering the changes necessarily passed through by 
these larvaB previous to attaining their adult characters (figure 
11) the most notable, aside from increase in size and addition 
of the sixteen thoracic segments, are : the appearance and 
translation of the eyes pari pn9»n with the growth of the free- 
cheeks; the growth of the border in front of the glabella, 
which now narrows anteriorly, and terminates about one-third 
the length of the cephalon within the margin ; the less dis- 
tinct annulation of the glabella : and the development of the 
spines and tubercles ornamenting the test. 

Triarthni9 berki Green ; plate VIII, figures 12, 13, and 14 ; 
from the Ordovician, Utica slate, near Rome, N. Y. A larval 
form of this species was figured by the writer* in 1893. At 
this time, the eve-line was confused with the anterior annula- 
tion of the axis, making the cephalon appear to have six in- 
stead of five annulations. A recent examination of a large 
number of specimens shows that five is the invariable number, 
as here represented. Two protaspidian stages of this species 
have been noticed, differing chiefly in the size of the pygidium. 
Both agree in showing a strongly annulated axis, not ex- 
panded in front and terminating some distance within the 
margin. From the first annulation, a slightly elevated ridge 
on each side indicates the eye-line, and extends to the mar- 
ginal eye-lobe. The adult form (figure 14) shows in addition 
to several characters noted in the previous species, the nearly 
complete loss of the two anterior annulations of the glabella; 
the disappearance of the eye-line; and the development of a 
row of nodes along the axis, from the neck segment to the 
proximal segment of the pygidium. 

Acidaspifi fnhercftlafa Conrad; plate IX, figures 1, 2 and 3; 
from the Lower Helderberg group, Albany county, New York.* 
Several of these remarkable larvje have been found perfectly 
siiicified in a limestone from which they have been freed by 
etching. In general form, they resemble the second larval 
stage of S(to (plate VIII, figure 9), but the pygidium is shorter 
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and the glabella does not expand and terminate in the ante- 
rior margin. No eje-line is present, but the eye-lobes may be 
seen a little within the margin. The glabella has the charac- 
teristic number of annulations ; margin provided with a row 
•of denticles; genal angles extended into spines; pygidium 
with four spines. 

The adult condition (figure 3) shows that the eyes have 
moved inwards and backwards to near the neck segment. The 
glabella has lost its annulations and is broken up into a me- 
-dian lobe with two smaller ones on each side, while the neck 
Ting is projected into a spine. The changes noted here are 
much more profound than in any of the preceding genera, 
since Acidanpis is one of the most highly specialized of trilo- 
•bites in its glabellar structure and elaborate ornamentation. 
The protaspis, too, partakes of this specialization, and, al- 
though the general form of the shield and the annulation of 
the axis are as primitive as i-n Triarthriis^ yet the character- 
istic spinosity of the genus appears even at this early stage 
and is a marked instance of acceleration of development. 

Arges consangiiinemt Clarke; plate IX, figure 4; from the 
Lower Helderberg group, Albany county, New York. A sin- 
gle larval form of this type has been found and at first was 
provisionally referred to PhuethouideH,^ The recent publica- 
tion by Clarke,** of Arges consanguinetts from the same horizon, 
and a comparison of the larva with the description and with 
considerable additional material, renders it now possible to 
-determine definitely the relations of this interesting form. As 
the main details of structure in A r idaspis &nd Arges Are so 
similar, the transformations undergone by the larva are much 
alike in each case. The young Arges likewise shows the same 
acceleration in the development of the spines and surface or- 
namentation, and the retention of the primitive features of 
the glabella. The specimen seen in figure 4 represents a late 
larval stage (paraprotaspis), as shown by the transverse form 
•of the cephalon and the large size of the pygidium. 

Proetus parviusculas Hall; plate IX, figures 5, and 7 ; 
Utica slate, near Rome, New York. Two larval stages of this 
-species have been found. The younger (figure 5) is smooth, 
•broadly ovate, .72 mm. long, and widest in front; axis dis- 
tinctly annulated, cylindrical on the cephalon. tapering on the 
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pygidium ; eyes nearly transverse to the axis, very large and 
prominent, situated on the anterior margin, separated only by 
the axis. The specimen represented in figure 6 is in the para- 
protaspis stage, and measures .90 mm. in length. It shows 
an advance over the other in its size, its larger pygidium with 
grooved pleura, and the beginning of the recession of the eyes. 

The adult of this small species is shown in outline enlarged 
two diameters, in figure 7. The principal changes from the 
larva which should be noticed are : the loss of the four ante- 
rior annulations of the glabella, the neck segment being the 
only one wholly defined, although the basal lobes represent 
remnants of the next anterior; the translation of the eyes 
backward as far as the pleura of the neck segment, and the 
change from a transverse to a parallel position with respect 
to the axis. 

In the original description of this species,*^ no mention was 
made of ^ne undulating striae ornamenting the entire dorsal 
surface of the test, nor of the basal lobes of the glabella. Both 
these features are present in the type specimen, which is from 
Cincinnati, Ohio, as well as in all the specimens from the 
Utica slate, near Rome, New York. With these additional 
characters, the species is very closely related to Proetus 
(levonis Barrande. 

Dalmaiu'tes soviaUs Barrande; plate IX, figures 8-11; from 
the Ordovician of Bohemia ; after Barrande.** A nearly com- 
plete series of the growth stages of this species is given by 
Barrande. The earliest, or anaprotaspis, stage found (figure 
8) exhibits an outline and axis similar to ArUlaspis. The 
eyes are (juite large and situated, as in the same stage of 
Pro'i'fns^ transverse to the axis, on the anterior border. Genal 
angles present, but in this case not produced by the free- 
cheeks as in Sau and Ptiirhopartu: glabella strongly annulated, 
increasing in diameter anteriorly, although not expanding at 
the frontal margin as in *sV/r>, etc. In the two following stages 
(figures 9, 10), the pygidium increases in size, and the pleura 
are defined. To reach maturity (figure II), eleven segments 
are developed in the thorax, the glabella becomes more promi- 
nently developed in front, but the five annulations are main- 
tain<*d. The (*ves have travelled in and back as far as the 
third head segment, and their longer axes have swung around 



Larval Stayes of Trilobites. — Beecher, 



17& 



into a position parallel with the axial line, as in Proetus. 
The pygidium has added many new segments, and the extrem- 
ity is prolonged into a spine. 

Before proceeding further in the discussion of the protaspis, 
it is necessary to notice a number of forms of young trilobites 
which have heretofore been referred to the embryonic and lar- 
val stages, but which are now believed to belong to stages 
later than the protaspis. 
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FiouBE 1. Ag^ioatuB nudus Beyr. ; aft«r Barrande. 

Figure 2. Agnoiittui rex Barr. ; after Barramle. 

FIOUSE 3. Trinucle^ui ornattui Stemb. ; aftc>r Barrande. 

FioUBE 4. Hydrocephnhu gntumoidea Barr. ; after Barrande. 

FiouBE 5. Hydrocephalus carens Barr. ; after Barrande. 

Figure 6. oTenelluB (MeaonnciH) nsaphoide.n Emmons; Ford collection ; original. 

x30. 

Figure 7. Olenelltu (Mesonacis) asaphoides Emmons : after Ford. 

Figure 8. Olenellug {Me»on<iri8) aaapkoidea £mmon»i ; after Walcott. 

Bi*sides the truly elementary forms described by Barrande 
und already noticed (Sao hintufa and Dalma/u'fes .sociaiis)^ 
there are others which he referred to his second, third and 
fourth orders of development.-* Among these Afpiosfus may be 
taken first. The youngest forms of AijHoatns mnhis and A, 
rex (figures 1, 2) measure respectively 2 and 1.8 mm. in length, 
and the adults 13 and 15 mm. The earliest stages of the gen- 
era shown on plates VIII and IX measure less than 1 mm., 
while the adults are more than 25 mm., with the exception of 
Proetus parvhittriilas, which is seldom more than 10 mm. long, 
though this species has a protaspis .72 mm. in length. The 
cephalon and pygidium of the 3M>ungest known Af/nashis are 
quite separate and distinct, which is not the case with the 
typical protaspis stage. It therefore seems probable that on 
account of the comparatively large size and advanced struc- 
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ture of the Tounge«t stages observed, the elementary forms of 
this |^nu« are aii jet unknown, and possiblj the extreme tenu- 
itj of the Xe^X in the protajspiif has prevented their preserva- 
tion. In the same way the voung of Trimmclttts (figure 3) 
show a separate cephalon and pvgidium. and the specimens 
are in a much more advanced stage of development than the 
protaspis of PniefHM^ shown on plate IX, figure 5. An evi- 
dence of age is furnished, also, in the transverse shape of the 
head, which, in typical elementary forms, is longer than wide, 
instead of wider than long. 

The youngest specimens of ArttknsiHU konincki^ figured by 
Barrande,^ are 2 mm. or upwards in length 'and have seven or 
more free thoracic segments, with the cephalon wider than 
long. The facts of ontogeny show that younger stages must 
be admitted in which the numlier of segments diminishes to 
nothing, continuing down to a form agreeing with the pro- 
taspis of other genera. 

It has already been suggested^ that the species described by 
Barrande^ under the generic name of liydrocepkalH* are prob- 
ably the young of ParndoxhleM. This conclusion receives fur- 
ther support from the undoubted young of (HenellHif. a related 
genus, which in its immature stages bears a strong resem- 
blance to HydrocephaUiH, The youngest examples of the lat- 
ter have a distinct pygidium, a well-developed cephalon, and 
large eye-lobes at the sides of the glabella, as in adult forms. 
Free-cheeks were evidently present though not generally pre- 
served. See figures 4 and 5. 

The young of OleneUiis r/xr/y>/ro/V/e*, described and illustrated 
by Ford'^ and Walcott,-^'* also present a number of features 
considerably in advance of a typical protaspis. The imma- 
ture characters are mainly the large size of the cephalon and 
the distinct annulation of the axis. The post-protaspidian 
characters are the distinct and separate pygidium, the adult 
position of the eyes, and the apparently well-developed free- 
cheeks. In figure 7, after Ford,-^ the outer pair of spines be- 
longs to the free-cheeks, the other pair being formed by the 
pleural extensions of the glabella, which were called the in- 
teroculur spines. See also figures 6 and 8. 

The young specimen of J'fi/chftjxtn'fi monile Salter sp., fig- 
iinnl and noticed by Callaway,^-^ is 1.5 mm. in length, and 
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agrees, as far as can be determined without seeing the origi- 
nal, with what is known of other species of the same genus. 
It probably belongs to a stage later than the protaspis. 

Matthew^* has carefully described some small cephala of 
Ctenocephaliis (Hartella) matthewi and Conocoryphe (Baili- 
ella) bailey i\ from the Cambrian of New Brunswick. The fact 
of their being separate cephala, transverse in form, and from 
2 to 3 mm. in length, is sufficient to show that they do not 
represent the youngest stages of these species. 

The immature examples of Agnostus, Trinuchus^ Arethvsina, 
jParadoxideif, Olenellus, Ctenocephalns and Conocoryphe^ here 
Viriefly noticed are of great interest in a study of the ontog- 
eny of the various species to which they pertain. In the pres- 
c^nt paper, however, it is intended chiefly to establish the pri- 
mary larval characters of the trilobites, and therefore only the 
earliest stages are considered. Under the genera just men- 
"trioned, the writer has endeavored to show that as yet their 
<r>ntogeny cannot be traced as far back as the stage which has 
fc>een defined as the protaspis. Therefore, any general notions 
<:^f first larval forms must at present be based on the genera Sol- 
^^tiopleura, Liostracus, Ptychoparia, iSao, Triarthrus^ AcidaspiSy 
-^^roettis and Dalmanites, 

IV. Analysis op Variations in Trilobite LARViE. 
After taking a general survey of the earliest known larval 
*=^tage8 of trilobites figured on plates VIII, IX, it is evident that 
<^*n accurate and detailed description of any one would not ap- 
^\y to any other except in certain broad characters. To formu- 
Xate a definition of the protaspis applicable to all, as has been 
^one previously (p. 169), it is necessary to neglect or eliminate 
«riome rather striking characters which should now be men- 
tioned. A few features thus omitted are considered as very 
primitive larval characters, while others are modifications in- 
troduced in higher or later genera through the operation of 
the law of earlier inheritance. 

From the best evidence now obtainable, the eyes have mi- 
grated from the ventral side, first forward to the margin and 
then backward over the cephalon to their adult position, 
thus agreeing with Bernard's conclusions.!- Therefore, the 
most primitive larvje should present no evidence of eyes 
on the dorsal shield, and naturally there would be no free- 
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cheeks visible. Just such conditions are satisfied in the 
youngest larva of Ptychoparia,, Stdenoplevra and Liosfracys, 
which are the most primitive genera whose protaspis is known. 
The eye-line is present in the later larval and adolescent stages 
of these genera, and persists to the adult condition. In Sao it 
has been pushed forward to the earliest protaspis, and is also 
found in the two known larval stages of Trtarthrus, Sao re- 
tains the eye-line throughout life, but in Triarthrus the adult 
has no traces of it, and none of the higher and later genera 
studied has an eye-line at any stage of development. Mat- 
thew has considered this feature «s especially characteristic 
of most of the Cambrian genera, and now it is further shown 
to be a character first appearing in the later larval stages of 
certain genera (Ptychopan'a^ etc.), next in the larval stages 
(*SV/o), then disappearing from adult stages (Trtarthrus), and 
finally pushed out of the ontogeny altogether (Acidasph^ Dal- 
manites, etc.). The eyes are visible on the margin of the dor- 
sal shield after the paraprotaspis stage, later than the eye-line 
in Ptychopariu^ Solenopleura, Lioatraoua^ Sao and Triarthrus; 
but in the other genera through acceleration they are present 
in all the protaspis stages, and persist U> the mature, or ephe- 
bic, condition, moving in from the margin to near the sides of 
the glabella. 

The changes in the glabella are equally important and in- 
teresting. Throughout the larval stages, the axis of the ceph- 
alon is five-segmented or annulated, indicating the presence of 
as many paired appendages on the ventral side. In its sim- 
plest and most primitive state, it expands in front, joining and 
forming the anterior margin of the head (larval Ptychoparia, 
Sao). During later growth it becomes rounded in front and 
terminates within the margin. In higher genera through ac- 
celeration it is rounded and well-defined in front even in the 
earliest larval stages and often ends within the margin (lar- 
val Triarthrvs, Acidaspis), From these common types of sim- 
ple, pentamerous glabelhe, all the diverse forms among adult 
individuals of various genera have been derived, through 
changes affecting any or all of the lobes. The modifications 
usually take place in the anterior lobes first, and gradually in- 
volve the others, though rarely disturbing the neck segment 
which is the most i)ersi8tent of all. Six lobes are occasion- 
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ally found in the glabellar of Rome species. They do not indi- 
cate an additional pair of limbs, for the oxtra lobe is produced 
(a) by division of the anterior lobe through the greater or less 
-extent of the eye-line across the axis, as in Olenelhuf, Paradoa^' 
ides and Ogygia : or (6) by the marked development of mus- 
cular fulcra, which are supposed to be connected with the 
hypostoma. 

The next structures not especially noticeable in all stages 
of the protaspis are the free-cheeks, which usually manifest 
themselves in the meta- or paraprotaspis stages, though some- 
times even later. Since they bear the visual areas of the eyes, 
their appearance on the dorsal shield is practically simultan- 
eous with these organs ; and before the eyes have travelled 
over the margin, the free-cheeks must be wholly ventral in posi- 
tion. They are very narrow when first discernable (plate VIII, 
figures 6, 9 and 10), and in Pgtchoparia, iSao, etc., include the 
^nal angles, but in Dalmam'tes they extend only a short dis- 
tance below the eyes. 

The remaining features of the protaspis which here require 
notice are the pleural furrows and the pygidium. The pleura 
from the anterior segments of the glabella are occasionally 
«hown, as in the young of OleneUus (figure 6), but usually the 
pleura of the neck segment are the first and only ones to be 
distinguished on the cephalon, the others being so intimately 
coalesced as to lose all traces of their individuality. This 
makes the cranidium, or head shield, exclusive of the free- 
cheeks, consist of the fused lateral extensions or pleura of the 
head segments, as already noticed by Bernard.*- The possible 
pleural or segmental nature of the free-cheeks will be noticed 
later. 

The distinct pleura of the pygidium appear soon after the 
anaprotaspis stage, and in some genera {Sao, Dalmanites) are 
even more marked than in the adult state, much resembling 
separate segments. The growth of the pygidium is very con- 
siderable through the protaspis stages. At first it is less than 
one-third the length of the dorsal shield, but by the successive 
addition of segments, it soon becomes nearly one-half as long. 
In some genera it is completed before the appearance of the 
free thoracic segments, though usually new segments are add- 
ed during the adolescence of the animal. 
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A number of genera present adult characters, which agree 
closelv with some of the larval features noticed in this section, 
and are important in a phylogenetic study of the trilobites. 
The main features of the cephalon in the simple protaspis 
forms of Sofenopleitrn, Liostrncus and Ptychoparia^ are re- 
tained to maturity in such genera as Carausia and Acontheus^ 
which have the glabella expanded in front, joining and form- 
ing the anterior margin. They are also without eyes or eye- 
line. Ctenocephalus retains the archaic glabella nearly to ma- 
turity, and likewise shows eye-lines and the beginnings of the 
free-cheeks (larval Sao), (■ottororyphe and Ptychoparia are 
still further advanced in having the glabella rounded in front, 
and terminated within the margin (larva of Triarfhrvs). 
These facts and others of a similar nature show that there are 
characters appearing in the adults of later and higher gen- 
era, which successively make their appearance in the protaspis 
stage, sometimes to the exclusion or modification of structures 
present in the most primitive larva. Thus the larv» of Dal- 
maiiites or Proetuit, with their prominent eyes, and glabella 
distinctly terminated and rounded in front, have characters 
which do not appear in the larval stages of ancient genera, 
but which may appear in their adult stages. Evidently such 
modifications have been acquired by the action of the law of 
earlier inheritance, or tachygenesis. Altogether it seems that 
we have represented on plates VIII and IX a progressive series 
of first larval stages in exact correlation with adult forms, the 
latter also constituting a progressive series, structurally and 
geologically. 

A summarv of the features added to the dorsal shield of the 
anaprotaspis stage of acceleration during the evolution of the 
class, from the simpler forms of Cambrian times to the later 
and more highly differentiated Dalmanites^ Proetns and Acid- 
f^v/>/.v, would include: the free-cheeks; the eyes; the more 
strongly lobed glabella, rounded in front; the transient eye- 
line; the genal angles; and the ornaments of the test. 

These additions, as may be seen by reference to plates VIII 
and IX, considerably complicate and modify the primitive- 
])rotaspis, but, as previously mentioned, it does not lose any 
of its essential structures. Besides, it is possible to trace the- 
origin and significance of the acquired characters, and thus to- 
assign to each its true value. 
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V. Antiquity of the Trilobites. 
The superlative age of the trilobites has been generally rec- 
ognized, and is too well known to require more than a passing 
notiee. Even in the earliest Cambrian, thev bear evidence of 
great antiquity in their diversified form, their larval modifi- 
cations, and their polymerous head and caudal shield, all of 
which features show that trilobitc phylogeny must reach far 
back into pre-Cambrian times. 

Not only are the smallest species found in the Cambrian 
( Agnostus)^ but also many of the largest (Paradojrides), There 
is a great range of variation in the number of free thoracic 
segments, varying from two in Afjttoitftf;* to twenty in Paradox- 
iden. The pygidium likewise shows extreme variation of from 
t wo to upwards of ten ankylosed segments. The eyes may be ab- 
sent as in Agnoatas and Microdiscns^ or very large as in Para- 
<ioxides^ though both in this respect and in the number of 
^omit^s, free or fused, the Cambrian genera are exceeded in la- 
"ti^r deposits. In ornamentation and spiniform processes, the 
C'ambrian species show considerable development though not 
s great as others since that time. However, the wide varia- 
ions they do present in this particular indicates diii'erentia- 
ion and specialization considerably removed from the begin- 
ling of the trilobite phylum. 

The acquisition of distinct larval stages could only have 
en reached through a long series of changes in ancestral 
^orms. The composition of the cephalon and caudal shield 
i ndicat-es a derivation from some primitive form, probably 
««nnelidan, in which, through adaptation to special require- 
^xnents, certain polar segments became fused, forming xevy 
"CiiiBtinct terminal body regions. Furthermore, the tribolites 
w^re the only large division of the Arthropoda which has 
V>ecome extinct. The Merostomata and PhvUocarida, cul- 
xninated a little lati*r, though still represented by living 
vsipecies, but all the other divisions apparently have continued 
tx) increase since their inception during Paleozoic time. The 
^Dnly known arthropod contemporaries of the trilobites in th<» 
C^ambrian are the Merostomata, Ostracoda, Phyllopoda, and 
l^hyllocarida, all of the higher forms apparently having de- 
X'eloped since that time. A more graph i<* view of the geolog- 
ical range and distribution of the arthropods is represented in 
trhe following table : 



Kilarlun 
Oniovieian 



Pm-CanthpiBn 




Hiivin{r thus fur reviewfd the features fif the priioitive pro- 
tai^pis and Bome nf the i-harai'terB it acquired through earlier 
inheritance, together with the comparative age of the differ- 
ent groups of arthropods, it must be conceded, that, in inter- 
preting cniBtaceiin phylogeny from the facts of ontogeny, the 
trilobites, so far uf they show structure, are entitled to first 
place. Moreover, since the appendages are quite fuily known 
and from them the trilohite proves to be a most generalized 
and primitive crustacean, still greater reliance can he placed 
on deduction!* based upi)n a wtudy of this t_yi>e. The recent 
discoveries of the antennie and the exact details of trilobite 
structure, together with the larval honiologies here made and 
the cimcordance of trilobites with the theoretical original 
crustaeean leave almost no doubt as to their true crustacean- 
affinities. Woodward,''' from another point of view, reaches= 
the same opinion by saying: "The trilobita, being certainly' 
amongst the earliest forms of Crustacea with which we are ac— 
<iuainted. cannot be removed from that class without destroy- 



ing Its 



■estrt 



rd." 



VI. Rkstoration of thk Fuotasi-is. 
ihiiught. the attempt to reconstruct the ventral aid*?' 
oliitc pr"tas|»is may seem a little hazardous or pre - 
ut a careful consideration of all the data leads th'*" 
undertake this with sr)nie eontidence. 
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The genus Triurthnm is taken for the basis of this restora- 
tion, as it is to-day the best known of all the trilobites, and 
its ventral structure has been ascertained to a degree of per- 
fection of detail which compares favorably with many of the 
xecent crustaceans.^- "'•^•^ The writ<ir has studied the structure 
of many adult and immature specimens some of them not more 
than 5 mm. in length, so that fortunately the appendages are 
!known at many stages of growth. Especialh' are the young 
and rudimentary limbs near the extremity of the pygidium 
in adolescent individuals of considerable morphological inter- 
est, for they agree closely with the phyllopodiform trunk ap- 
^)endages in the metanauplius of Aj)ns, and protozoea of Kn- 
^ihftitsHt, or in a general way, with the still more rudimentary 
trunk limbs in the iiauplius stages of these and other forms. 
It has been definitely ascertained that thecephalon in trilo- 
Tites bears five pairs of jointed appendages or limbs.^ In lar- 
"\al or immature specimens, and in adults in which the glabella 
Tetains its primitive structure, this numb<Tis indicated on the 
^lorsal shield by the five lobes or annulations of the glabella, 
including the neck ring. These may therefore be taken as 
representing, in so far, the original segmentation of the head, 
«nd agree with what is generally accepted as the primitive 
•structure in modern true C'rustacea. The head portion of the 
protaspis clearly shows this pentasomitic structure, and evi- 
dently carried a correspcmding number of paired limbs on the 
central side. It has also been demonstrated that the annula- 
tions on the axis of the pvgidium correspond to the number 
of paired limbs beneath, exclusive, of course, of the anal seg- 
ment. Here, too, it is possible to tell from the pygidial por- 
tion of the protaspis the number of limbs present during life. 
The protaspis of Tri<irthrns^ representeil in i)late VIII, figure 
13, on this basis had five pairs of limbs attached to the head 
portion and two pairs to the pygidium. 

Next, as to the composition and form (»f these elementary 
protaspis limbs, it is safe to assume that the anterior pair, 
corresponding to the antennules, must be uniramous since 
they are so during all the young and adult stages observed, 
and since this form is common to all nauplius stages of modern 
Crustacea, and is recognized as primitive and elementary for 
the class. There is apparently a greater similarity in the 
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larval anten miles than betwecMi any other aj)])endages, and as 
Apuft and Kiiiflnnisia have these in a very i^eneralized form, 
they are taken as types of the fy-st j)air of limbs of the trilo- 
bite protaspis, as shown in plate X, tigure 1 (I). It should 
be noted, too, that the antennules of the trilobites arise from 
the sides of the upi)er lip or hypostoma, as in thenauplius. 

The other head appendages are tyi)ieally branched, though 
in many of the recent Crustacea they lose this character after 
the larval stages. Especially is this true of the third pair^f 
limbs, which become nuKlified into the mandibles. In trilo- 
bites the primitive biramous structure of the head limbs per- 
sists to adult stages, occurring also in limbsof all the posterior 
segments where they become more and more phyllopodiform.^ 
In the restorati(Ui of the protaspis it seems only necessary to 
append this archaic ty])e of limb to each segment, agreeing as 
it does in form and structure with the rudimentary limbs of 
older stages and with the nauplius and metanauplius stages 
of Aptf.s. 

It cannot be doubt<;d that the protaspis had five pairs of 
limbs on the head portion and one or more on the p3'gidium, 
and although these are the main points necessary t<> prove the 
argument in the next section, on the nauj)lius, yet it seems 
perfectly warrantable and better for graphic purposes to at- 
tach the required number of elementary limbs to the ventral 
side of the protaspis, as represented in j)late X, figure I. 

There are other organs and structural details occurring in 
the nauplius and in adult trilobites, which deserve recogni- 
tion in a restoration of the protaspis stage. First among these 
is the labrum, or upper lip. Nowhere is this plate so well 
developed and so striking a ventral feature as among the tril- 
obites. There can be no hesitation, therefore, in accepting 
this as characteristic of the protaspis. 

The trilobites and most recent crustaceans have a metas- 
tonia, or lower lip. This is already developed in the nauplius 
stage of some Crustacea, as Kuithansin and Pe/ieiat^ and prob- 
ably represents an early larval chara(*ter. It usually appears 
as a median ])late divided into two small plates, or lappets, on 
each side of the median line, posterior to the mouth, and is 
thus represented in the restored protaspis. As it occurs on a 
segment bearing also a pair of legs and has no separate neu- 
romere, it cannot well be considered as representing a somite. 
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An anal opening is found in most nauplii, especially in 
those of the non-parasitic Crustacea, and in those in which 
this stage is normal and free-swimming. The protaspis, as 
representing a free-swimming larval stage of trilobites, there- 
fore, probably possessed an anal opening. 

The only character represented in the restoration which is 
accepted purely from analogy is the median unpaired eye. 
This organ is almost universally present in the nauplius, and 
is regarded as a very primitive character wherever found. 

The next and last structures to be noticed are the free- 
cheeks and the beginnings of the paired eyes, as shown in 
plate X, figure 1 (r/, or). Their existence has already been 
indicated in the descriptions and observations of the protaspis 
and its derived characters, and need not be repeated here. Ap- 
parently the nauplius presents nothing homologous, unless 
possibly the frontal sensory organs of A pus, Balanus^ Peneus^ 
etc., may be taken as such. The paired eyes and frontal sen- 
sory organs are close together and seem to have some intimate 
connection, for, as the paired ej^es devel(»p, the latter dwindle 
and disappear. Likewise in the trilobites the free-cheeks bear 
the visual areas, and may be almost wholly converted into 
eyes as in ^TltjUno {^'f/rfojtiftfc). 

The greater or less separation of the cerebral ganglia in the 
chietopods and in some of the lower crustacea leads to the 
idea that the free-cheeks in trilobites are the pleura of an oc- 
culiferous head segment, which otherwise is lost. If the hy- 
])ostoma is homologous with the annelid jirostomium, as urged 
by Bernard**, then the free-cheeks may be considered as rep- 
resenting the second [)r()cephalic segment, which is the num- 
ber required on the supposition that each neuromere corres- 
ponds to a somite. There is a separate neuromere to each 
mesodermic metamere posti»rior to the heail, and from analogy 
we should expect that each neuromere in the head would 
represent an original segment, especially as it can be demon- 
strated that the head is composed of consolidated or fused 
segm en t s ( K i n gs 1 ey - * ) . 

Having thus shown the probable ventral structure of the 
protaspis, we are ])rej)ared to make scane general observations 
on the larval type of moilern Crustacea known as the Xatfjfh'us. 
Before doing this it is well to eni])hasize again that there is 
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v<?ry positive* «'viclen<*e. amounting virtually to certainty, that 
the protaspis had five pairs of limbs attached to the cephalic 
portion, behind which was an abdominal portion containing 
the formative elements out of which all the posterior somites 
and appendages were developed. 

VII. The Crustacean Xauplius. 

The name Xatiplhis was first used by O. F. Miiller^to desig- 
nate a minute crustacean believed to represent an adult animal. 
Afterwards it was found to be a larval stage of (-nrlops^ but 
because it agreed in structure with the larvie of many other 
Crustacea the name was retained for that type of lar\'al form 
and is now in general use. Primarily it is supposed to repre- 
sent the first free-swimming stage after the escape of the ani- 
mal from the egg. H(»wever, many species are quite fully devol- 
oped when leaving the egg, and undergo comparatively slight 
subsequent metanorphoses, and in these and other species 
there may be developed in the egg an embryo having some of 
the characters of the nauplius. Therefore, the term is also 
applied to all cases where a certain assemblage of nauplian 
characters occurs in the development of any crustacean. Thus 
it may be considered as a stage of development not restricted 
to adetinite perioil (»f ontogeny. 

The adult Aims possesses so many nauj)]ian features, and in 
its development passes through such simple metamorphoses, 
that it has b(»en aptly considered by Bernard'* as a nau])lius 
grown to maturit}'. Balfour' also states that thechief point of 
interest ill the development of .l/>//.v '*is the fact of the primi- 
tive Nauplius form becoming gradually converted without an^' 
special metamorphoses into the adult condition."* This form, 
together with the nauplii of other crustaceans and the study of 
the larval and adult characters of the trilobites, ought to af- 
ford definite knowledge of the characters possessed by the an- 
cestral forms of the Crusatcea. 

Befon* farther examining the nauplius it may be well to state 
the characters, which, on the grounds of comparative anatomy 
and phylogeny, are believed to represent the primitive adult 
crustacean. It will be seen that, in many respects, the trilobite 

♦The adult Apus i)r()perly has five pairs oi cephalic limbs. A sixth 
pair of appeiulapoa has been correlated as inaxillix)edes, though from 
their innervation they seem to be nietastoniic anil honiologous with the 
chilaria of Lhnnlns. 
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rtHralls this type, but, as already suggested, is removed some 
distance from the prototype, although in itself a most primi- 
tive crustacean. Lang2^» gives a very <*omprehensive de- 
s<*ription of the racial form,as follows : **The original Crustace- 
an was an elongated animal, consisting of numerous and 
tolerably horaonomous segments. The head segment was fused 
with the 4 subsequent trunk segments to form a cephalic re- 
gion, and carried a median frontal eye, a pair of simple ante- 
rior antenna?, a second pair of biramose antennae and 3 pairs 
of biramose oral limbs, which already served to some extent for 
taking food. From the post(»rior cei)halic region proceeded an 
integumental fold which, as dorsal shield, covered a larger 
or smaller portion of the trunk. The trunk segments were 
each provided with one pair of biramose limbs. Besides the 
median eye there were 2 frontal sensory organs. The nervous 
system consisU*d of brain, a^sophagael commissures and seg- 
mental ventral chord, with a doubb ganglion for each segment 
and pair of limbs. The heart was a long contractile dorsal 
vessel with numerous pairs of ostia segmentally arranged. In 
the racial form the sexes were separat^\ the male with a pair 
of testes, the female with a pair of ovaries, both with paired 
ducts emerging externally at the bases of a pair of trunk limbs. 
The excretory function was carried on by at least 2 pairs of 
glands, the anterior pair (antennal glands) emerging at the 
base of the second pair of antennje, the posterior (shell glands) 
at the base of the second pair of maxilhe. The mid-gut possi- 
bly had segmentally arranged diverticula (hepatic invagina- 
tions)." 

The characters ascribed to the typical nauplius have been 
selected mainly on the principle of general average. They do 
not satisfy the theoretical demands resulting from a compara- 
tive morph(»logical study nor are they consistent with the ac- 
cepted requirements of an ancestral type of the Crustacea. 
Claus** urges that the nauplius is a moditied or secondary lar- 
val form, and th(» writer now hopes to farther substantiate this 
view, and partly to reconstruct the nauplius from internal evi- 
dence and from its more ])rimitive representative, the protas- 
pis of the trilobites. 

The usual fetaures attribut<'d to the nauplius are: three 
pairs of appendages, aftervvards forming two pairs of antenna* 
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and the iiiandibleH ; the first pair is iiniranious and sensoiy in 
function ; the second and third pairs are biraiuous, Bwimming 
appendages; body usually unsegmented; anteriorly there is a 
single median eye, and a large labrum, or upper lip; an ali- 
nientray canal bent anteriorly, and ending in an anus near the 
posterior end of the body ; a dorsal shield ; the second pair of 
antennje are innervated from a sub-oesophageal ganglion. 
Fnmtal sense organs and a rudimentary metastoma are some- 
times present. The trunk and abdominal regions are not gen- 
erally ditferentiated. 

Balfour* remarks of the nauplius that: **In most instances 
it does not exncfhf conform to the above type, and the diver- 
gences are more considerable in the Phyllopods than in most 
other groups." This variation is indeed quite marked among 
nearly all the groups besides the phyllopods and furnishes the 
facts for the conclusion, that the hexapodous condition is not 
primitive. 

On plate X are represented some of the leading types of 
nauplius structure, taken chiefly from the excellent compila- 
ti(m by Faxon.-'^ Bearing in mind the typical and average 
characters of this larva, some of the variations will be briefly 
reviewed. 

The naui)lius of J////.V, representeil in plate X, figure 2, 
shows the rudiments of five trunk segments, which in a later 
stage (figure H) develoj) phyllopodiform appendages belonging 
to sixth, seventh, and eighth pairs of limbs. They are the an- 
t<*ri()T trunk appendages and appear at a time when the fourth 
cc])halic pair is a mere rudiment while the fifth is entirely un- 
develope(i. The fourth and fifth pairs of head appendages evi- 
dently must have some existence, though undeveloped in the 
nauplius. The physical conditions of nauplius life probably do 
not require them, and they therefore remain for a timequies- 
(M'Tit or undeveloped. 

Ill figures 4, 5, 8, and fi, res])ectivel\\ of Brtdirht'inis, Artemia^ 
Li'lttodoni, and Lhinun'dn. the first pair of appendages becomes 
progressively shortened, until, in the last, they almost disap- 
])(^ar. Lritto<l(nn (figure 8) and Lvphhiros (figure 7) also have 
rudimentary trunk s<'gm(*nts and appendages ( //). Figures 9 and 
10. of Dnithnni and Jfoiuft (from summer eggs), show how rudi- 
mentary the nauplius a])|)en(lages may become when this stage 
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is passed within the egg. Even a more marked reduction is ex- 
iiibited in the embryos of Palcpmon and Astacm (figures 25 and 
26). Cifrlops is a very normal form, though even here in a sec- 
ond nauplius stage (figure 12), a fourth pair of limbs is devel- 
oped. 

Examples have been cited showing the reduction and obso- 
lescence of the anterior antenna?, or first pair of nauplius limbs, 
and some cases will now be cited in which the third pair also 
l>ecomes reduced and rudimentary. Arhthet'es (figure 14) and 
Jft/Mf's (figure 22) afford instances of this variation. The for- 
mer is of additional interest, as showing that the appendages 
from the fourth to the eighth, may be developed, while the third 
remains quiescent, and that the second pair, typically biramous, 
is here unbranched. Similarly, in Mt/ais, Xehah'n (figure 19), 
«nd especially in Ctipn's (figure 18), the nauplius limbs are 
simple. The embryo of ////cZ/Vr (figure 24) and a lat^ nauplius 
tstage of Enphansia (figure 21) are also of moment, in showing 
"the beginnings of the metastoma {mt) with the two maxillaj 
«nd first maxillipedcs. 

It appears from the foregoing facts, that enough has been 
•shown to prove the marked variations in the number and state 
^)f development of the nauplius appendages, and to reach the 
^jonclusion, that potentially five i)airs of* cephalic a])pendages 
«ire present. The two posterior pairs are the ones usually not 
^leveloped until after some of the trunk limbs appear. Very 
•satisfactory exi)lanations have been offered as to why the first 
three pairs have been selected by the larva, although it does not 
isseem to have been recognized that the fourth and fifth have 
^een more or less suppressed during the evolution of the class. 
X,ang^'» accounts for the three pairs of nauplian limbs by say- 
ing that: *'In a young larva which, like the Xfutpfh/s, is 
latched early from the t^^Q, only a few of the organs most nec- 
essary for independent life and independent accpiisition of food 
<*an be developed. The l^nost anterior ])airs of liml>s which 
*?erve for swimming may be described as such m(»st necessary 
c)rgans. The third pair perhaps V)elongs to this category, be- 
^•ause as mouth parts, generally i)rovided with inastieator\' pro- 
c*esses, thev serve not onlv witn the others for bKM»ni(»tion, but 
also for conducting food to the oral aperture." 

Another point in favor (►f the original pentanierous eoniposi- 
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tion of th#* #'ephalH' |)i>rtion of the naupHiis or |>rc»tonau|>lius i?i 
the dorsal shield whifh !« |>re!»ent in many fornu*. and isronsid- 
fre<l ( ride. Bernard") a»< a dc»rsal fold of the fifth segment. So 
that in reviewing the naupliurt Ktruetures. we find here and 
there evidenees of the entire neries of head segments. 

Now, since the protaspis fulfils the rquirenieuts bv having 
fiyi^ well-develo|)ed eephalie segments, and is besides the oldest 
eriistaeean larva known, it is believed that, in so far, at least, it 
represents the primitive aneestral larval form for the elass. 

The nauplius, therefore, is to be considered as a derived larva 
modified by adaptation. 

Other variations in the characters of the nauplius <K*ciir, but 
as they have cl<»arly originated (^' ) from the parasitic habits of 
the adult, (/>) from embryonic conditions, or (<•) from earlier 
inheritance, they need not enter into consideration here. Such, 
for example, are (r/) the absence of an intestine in Sawnlhta, 
(//) the abs<*nc<» of the median eye in Ihtphnin and Moinn^ and 
(c) the bivalve shell in Cif/prh. The larval stages of other, and 
esjK'cially later and higher groups of arthropods, offer more 
considerable differences and need not enter into this discus- 
sion, which is aimed chiefly to establish the genetic relationship 
between the protaspis of trilobites and the nauplius of re- 
cent ('Tustacea. 

VIII. Summary. 

Barrande first demonstrated the metamorphoses of trilobites 
in 1849, and recognized four orders of development, which 
are now sh(»wn to be stages of growth of a single larval form. 

A common early larval form is recognized and called the 
jnuttfispis. 

The protaspis has a dorsal shield, a cephalic portion com- 
I)osed of five fused segments and a pygidial portion consist- 
ing of the anal segment with one or more fused segments. 

The simplest protaspis stage is found in the Cambrian gen- 
era of trilol)it<'s. During later geological time it acquired 
additional characters bv earlier inheritan<*e and became mod- 
ified, though retaining its p<»ntamerous glabella and small ab- 
dominal porti(»n. 

Some of these acquired characters td* the dorsal shield are 
tli(» free-ciieeks. the eyes, the eye-line, the genal angles and 
the ornaments of the test. Tlu' free-cheeks and eyes moved 
U\ the dorsum from the ventrum. 
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The history of the acquired eharaeters is traced by means 
of comparisons between larval and adult trilobites, through 
paleozoic time, and a progressive series of larval forms estab- 
lished in exact correlation with adult forms, which them- 
selves constitute a progressive series, chronologically and 
structurally. 

The antiquit}' of trilobitx?s is indicated by their remains in 
the oldest Paleozoic rocks, and especially by the fact that in 
the early Cambrian they are already much specialized and dif- 
ferentiated in number of genera. The age of the trilobite or 
-crustacean phylum is further shown from the distinct larval 
stages of trilobites and their having a head and p3'gidium of 
-consolidated segments. 

Since the trilobites are among the oldest and most general- 
ized of Crustacea, their ontogeny is of considerable im])ort- 
ance in interpreting crustacean phylogeny. 

The ])rotaspis in its segmentation shows that the cephalon 
had five pairs of appendages as in the adult. 

The crustacean naupliiis is shown to be homologous with 
the protaspis and to have potentially live cephalic segments 
bearing appendages, which should therefore be taken as char- 
acteristic of a protonauplius. 

The nauplius is a modified crustacean larva. The protaspis 
more nearly represents the primitive ancestral larval form for 
the class, and approximates the protonauplius. 
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X. Explanation of Plates. 

PLATE VIII. 

Figure 1. Solenopleura robbi Hartt ; after Matthew. Anaprotaspis 
stage; showing obscurely annulated axis. x30. St. John group, Cam- 
brian, New Brunswick. 

Figure 2. LimtracuH onangondUinns Hartt: after Matthew. Ana- 
protaspis stage : the neck lobe is the only one distinctly marked. x23. 
Cambrian, New Brunswick. 

Figure 3. Pty chopa r in Ihuuirssoni Wyilcott: after Matthew. Ana- 
protaspis stage ; axis slender, slightly annulated ; pygidium defined by 
transverse furrow. x30. Cambrian, New Brunswick. 

Figure 4. Ptychopan'a linnnrsHoniW&lcott: after Matthew. Pro- 
taspis representing a later moult than the preceding, and showing 
stronger annulations on the axis, with an additional one on the pygidi 
um. x25. Cambrian, New Brunswick. 

Figure 5. Ptychoparia kingi Meek. Anaprotaspis or early stage ; 
showing obscurely defined characters, jiartly due to the fact that the 
specimen is a cast. x45. Cambrian, Nevada. 

Figure 6. Ptychoparia kingi Meek. A later stage (metaprotaspis; ; 
showing the strongly annulated axis, the eye-line, the free-cheeks in 
eluding the genal angles, and two segments on the pygidium. x45. 
Cambrian, Nevada. 

Figure 7. Ptychoparia kingi Meek ; after Walcott. An adult spec 
imen. This and the other figures of adult individuals are represented 
in outline, with the free-cheeks shaded, to bring out more strongly the 
changes in the structure of the cephalon. xig. Cambrian, Utah. 

Figure 8. Sao hirsuta Barrande: after Barrande. Anaprotaspis 
stage ; showing obscurely the limits of the pygidium, the eye-line, and 
the nearly cylindrical glabellar axis, expanding on the frontal margin. 
This and the two following specimens are preserved as casts, x.30. Cam- 
brian, Bohemia. 
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Fi<*rRK 9. Stio hirnnta BarraiHle: after Barrande. A later moult, 
prc^liably near the end of the nietaprotaspifl stage: showinipr the anDu- 
lated axis expanded in fn>nt : free-cheeks narrow and marfpnal : py^di- 
um of four segments, with pleura distinctly marked and grooved. x30. 
Cambrian. Bohemia. 

F Kit' RE 10. Sao hirnuUi Barrande: after Barrande. A more ad- 
vanced stage at or after the close (»f the paraprotaspis, in which the 
pygidium is complete, but before the first free thoracic segment is de- 
veloped. x30. Cambrian. Bohemia. 

FifirKE 11. .S^fo hirnntti Barrande. .\n adult individual ct>mbining 
the characters a» shown in s^'veral of Barrande's figures of this species. 
x^f, Cambrian. Bohemia. 

Ficji'KE 12. Tn'arihntH ^^cA'< Green, .\naprotaspis : showing the 
annulate<l axis, terminating before reaching the anterior margin : the 
eye-lines extending from the first segment to the marginal eye-lobes : 
pygidium defined by a slight groove, and including two segments of the 
axis. x45. Onlovician, Utica Slate, near Rome, New York. 

FniiRE 13. Trinrffinis fterki Green. Protaspis at a later moult : 
showing slight increase in size and the addition of a segment to the 
pygidium. x45. Utica Slate near Rome, New York. 

Fkji'rk 14. Triarthrun hevki Green. An adult individual of this 
s|iecies. x^ji. Utica Slate, New York. 

PLATE IX. 

Fi(»L'RE 1. Acififmpis inltereuhita Conrad. Anaprotaspis : showing 
denticulate margin and spines on cephalon : axis strongly annulated : 
eyes suVjmarginal. x20. Lower Helderberg, Albany Co., New York. 

Fku're 2. The same : profile, slightly oblique. x20. 

Fkjuke 3. AvidanpiH tuln'rvnUtta Conrad. .\n adult individual, re- 
stored from fragments and an entire enrolled specimen. Natural size. 
Lower Helderl>erg, Albany Co., New York. 

Fiotre 4. Aiyes consdngnitietis Clarke. Dorsal view of a larva at 
or aftiT the close of the paraprotaspis stage : showing the form and or- 
namentation. x20. Lower Helderl>erg, Albany Co., New York. 

FuiTRE 5. Pro^tna parviuHcnlnn Hall. Anaprotaspis: showing- 
strongly annulated axis, with grove at each side : large prominent an- 
terior eyes ; pygidial pleura indicated by faint grooves. x4o. Ordovician^ 
Utica Slate, near Rome, New York. 

FioruE 0. Pnt^tuH juirvitisciilus Hall. A later moult, near the close 
of the parai)rota8pifl stage : showing the larger pygidium which, how- 
ever, is still incomplete, and the slight backward niovement of the eyes. 
The right side of the specimen is restored. x45. Ordovician, Utica 
Slate, near Rome, New York. 

F^KJiRK 7. PmetuH parviiiscHluH Hall. An adult individual. x2 
Ordovician, Uti(!a Slate, near Rome, New York. 

Fkhkk 8. DahmiiiitcH socialh Barrande: after Barrande. Anapro- 
taspis stage: showing the large strongly annulated axis; the prominent 
anterior marginal eyes: mucronato genal angles: pygidium of three seg- 
ments. x30. 
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FidURE 9. Daliimnitea HOciaUH Barrande ; after Barrande. Meta- 
protaspis stage : showing the stronger definition of the pleura of the 
pygidium. x30. Ordovician, Bohemia. 

Figure 10. Dalmanites Hocialis Barrande ; after Barrande. The 
Bi^ecimen probably represents the close of the paraprotaspis stage, and 
shows four segments in the pygidium and the first evidence of the 
backward movement of the eyes, which now indent the margin. x30. 
Ordovician, Bohemia. 

FiuL'RE 11. Dalinanites socialis Barrande ; after Barrande. Outline 
of an adult individual, x^o* Ordovician, Bohemia. 

PLATE X. 

The Roman numerals indicate the appendages in their ccmsecutive 
order. 

I, 1st pair of appendages, or antennules. 

II, 2d pair of appendages, or antennae. 

III, .3d pair of appendages, or mandibles. 

IV, V, etc., maxillse, maxillipeds, swimming feet, etc. 
Oclj unpaired eye*; oc, paired eyes ; lb, labrum. 

Figure 1. Triarthrus becki. A restoration of the ventral side of the 
protaspis stage in accordance with the best evidence at present attain- 
able, as explained in the text. The Vlth and the Vllth pairs of ap- 
pendages belong to the abdomen, which is marked off by a transverse 
line; mt, metastoma; gr, free-cheeks. 

Figure 2. Apus cancn'formis : after Claus (from Faxon). Phyllo- 
jmhIu. Nauplius larva, just hatched ; ventral side. Behind the mandi- 
bles (III) are indications of five thoracic somites, y. 

Figure 3. Apus cnncriformiH ; after Claus (from Faxon). Phyllo- 
piHla, Second larval stage (metanauplius): ventral side. The second max- 
illa, V, is wanting ; /, frontal sense organs. 

Fkjure 4. Branchipns stagnalis ; after Claus (from Packard). 
Phyllopoda, Nauplius stage. 

Figures, ^rfemia (/raci'/w; after Packard. PhyUopoda. Nauplius 
stage ; showing obscure segmentation. 

Figure 6. Limnaida liernianni ; after Lerel>oullet (from Packard). 
Phyllopoda. Nauplius; dorsal side : first pair of appendages obsoles- 
cent ; labrum, //>. greatly developed. 

Figure 7. LejMurns productns; after Brauer (from Bernard). 
Phyllojxxia, Nauplius with obscure segmentation of the trunk, y. 

Figure 8. L?ptodara hyalina : after Sars (from Balfour and Bronn). 
Phyllopoda, Cladoceva. Nauplius larva from winter egg ; y, rudimen- 
tary feet. 

Figure 9. Daphnia loiigispina; after Dohrn (from Claus). Phyllo- 
jxxla, Cladocera. Nauplius stage of embryo, with rudimentary append- 
ages. 

Figure 10. Moina rectirostris; after Grobben (from Faxon). Phyllo- 
}Hxia, Cladocera. Embryo from the summer egg in the nauplius 
stage, develojied in the V)ro6d-cavity of the parent : ap|)endages rudi- 
mentary. 
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Figure 11. CyclopHtentiivonu's; ^tter CiauB {from Balfour). (U}pe- 
}>oda, Nataiitia. Nauplius, first stage. This and the next are the origi- 
nal forms descTilwd as XanpIiuH, by O. F. Mtlller, and believed at that 
time to l>e adult. 

Figure 12. Cifclops ti'mn'coni is: after CleLUBitrom Balfour). Ctrpe- 
l>oday Naiantia. Nauplius, second stage: IV, maxillia;. 

Figure 13. CeUH'/ribut aeptentrionaliit; after Grobben (from Faxon). 
Copepoda, Nntautia. Nauplius, just hatche<l : ventral view. 

Figure 14. Aef ttfi(* res percarum: after Claus (from Faxon). Coiff- 
poda, Paraftitica , Larva at the time it leaves the egg, with only two an- 
terior unbranched pairs of appendages of the typical nauplius present. 
Under the skin are the rudiments of six pairs of appendages : III, man- 
dibles; IV, maxillte ; V, VI, maxilla*: VII, VIII, swimming feet. 

Figure 15. Bai<tn us baifntoides: nfter Hoek {from Faxon). Cirri- 
pedia. Nauplius. 

Figure IG. LeitnediHcun poreeUanw: after F. Mtlller (from Faxon). 
Cirripediaj Hhizoi-ephaht. Nauplius, ventral side: showing outliue of 
dorsal shield. 

Figure 17. Succulina purpurea : after F. Mtlller (from Huxley and 
Bal four ) . ( Hrriped ia , Rh izoceph aia . 

Figure 18. Cypris ovum; after Claus (from Faxon). OstracfHiii. 
First larval (nauplius) stage, with bivalve shell and unbranched second 
and third pairs of appendages. 

Figure 19. Nebalia geoffroyi: after Metschnikoff (from Faxon). 
Leptostraca. Side view of the so-called nauplius stage of the embryo 
within the egg. Rudiments are present of the two i>airs of antennae, I, 
II, the mandibles. III. 

Figure 20. Euphausin: after Metschnikoff (from Faxon). Schizo- 
jHKla. Nauplius, just hatched. 

FuJURE 21. Euphausia: after Metschnikoff (from Faxon). Sehizo- 
poda. Nauplius at a later stage : ventral view : m^ metastoma ; IV, V, 
maxilla : VI, maxilliped. In the next, or Protozoan, stage, the append- 
ages, IV, V, VI, are true phyllop<xIiform feet. 

Fkjure 22. Mysis ferruffinea : after Van Beneden ( from Faxon ). 
SchizopiHla. Nauplius like embryo: side view. The appendages are 
unsegmented, and the third pair quite rudimentary. A number of later 
metamorphoses are undergone in the nauplius skin, until the full num- 
ber of appendages is developed. 

Figure 2iJ. Peueus: after F. Mtlller (from Faxon). DecufHxia, Mac- 
rourn. Nauplius : from dorsal side. 

Fkjure 24. Lucifer : after Brooks (from Faxon)*. Decaiioda^Macrourtt, 
Ventral view of embryo artificially removed from the egg ; IV, V, VI, 
buds representing th(» two pairs of maxilhe and first pair of maxillipeds 
of the adult. 

Figure 2."). Paheuum : after Bobretzky (from Faxon). Decai^Hia. 
Macrount. Nauplius stage of embryo within the efi^g. 

Figure 2(). Astacus fluriaiih'ft: after Reichenbach (from Faxon). 
Decapodd. Macrifura. Nauplius stage of embryo. 
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Figure 27. Limnlus polyphemuH ; SLtter KingBley. Xiphosura. Ven- 
tral view of embryo ; showing the budding of the lege. 

Figure 28. Limulus polyphemus; after Packard (from Balfour). 
Xiphosura. Ventral view of embryo in the egg ; showing the rudiments 
of six pairs of legs ; in, mouth. 

Figure 29. Limulus polyphemus : after Packard ( from Balfour ). 
Xiphosura. Oblique side view of embryo, with the mouth and rudimen- 
tary limbs on the ventral plate. 

The figures of embryonic Limulus are introduced for comparison. 
They are so different from the nauplius that detailed notice seems un- 
necessary. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Geological Survey of Canada^ Annual ReiH)rt (new Menes)^ vol. vi, for 
JH92-93. Alfred R. C. Selwyn, Director. (Ottawa, 1895. Price 50 
cents.) This volume includes the summary reports of the operations of 
the Survey during 1892 (95 pages) and 1893 (98 pages); a preliminary re- 
port on the geology of a portion of central Ontario, in the counties of 
Victoria, Peterborough, and Hastings, by Frank D. Adams, 15 pages: 
a preliminary report on geological investigations in southwestern Nova 
Scotia, by L. W. Bailey, 21 pages with map; chemical contributions to 
the geology of Canada, from the laboratory of the Survey, by G. Chris- 
tian Hoffmann, 93 pages ; and the annual report of mineral statistics 
and mines for 1892, by E. D. Inoall and H. P. H. Brumell, 212 pages, 
with 12 plates showing graphically the production of asbestus, coal, cop- 
per, iron, petroleum, phosphate (apatite), gold, silver, and salt (import- 
ed), during 1892 and preceding years. The parts of the volume as here 
noted are separately paged, with the addition of a letter to designate 
each part, so that they are indexed together. 

Several other important manuscript reports, with numerous maps, re- 
sulting from the work of the Survey during the years here covered, are 
stated to be ready for the printer and engraver, but are unfortunately 
delayed in publication on account of inadequacy of the appropriation 
for this use. It is hoped that these will soon be issued in a succeeding 
volume. 

The deep well at Deloraine in Manitoba, northwest of Turtle mount- 
ain, has been completed under the direction of the Greological Survey, 
boring to a total depth of 1,953 feet. The section consisted chiefly of 
the Ft. Pierre, Niobrara, and Ft. Benton shales, beneath which the top 
of the Dakota sandstone was reached at 1,822 feet from the surface, or 
about 178 feet below sea level. From the sandstone at 1,855 feet a fee- 
ble artesian flow of somewhat saline water was obtained, which, how- 
ever, was shut off by the lowering of the casing as the boring was con- 
tinued in the hope of securing a more copious supply. Because of the 
imperfect permeability of the sandstone, its lower supply of water rose 
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€m\y to a level 60 feet below the surface. When pumped several days 
the water attains the warm temperature of 80 degrees F., showing that 
the downward increase of the earth's heat at this locality averages about 
one degree for each 43 feet, the mean annual surface temperature of the 
air and of the earth at a slight depth being about 35 degrees F. The 
mineral contents of this water considerably exceed those of the many 
mildly saline and alkaline artesian wells of the James River valley in 
North and South Dakota, which recieve their strong flows from the 
same sandstone at a leas depth. 

Shore-lines of the Chanyplain epoch have been traced by Mr. Robert 
Chalmers all around the coast of Prince Edward island, the postglacial 
and recent emergence having there attained a vertical extent of about 
25 feet. It was somewhat more on the northwestern coast of Nova Sco- 
tia and much more in New Brunswick, amounting to 225 feet in the vi- 
cinity of St. John. These provinces, like Newfoundland, are wholly 
drift-covered, though with abundant rock outcrops ; but the intermedi- 
ate Magdalen islands in the Gulf of St. Lawrence are found to have 
never been enveloped by the ice-sheet. The rocks of these islands bear 
no striation nor boulder-clay, but are decaying and mantled with resid- 
uary soil. They have well defined Champlain shores, which are higher 
than on Prince Eklward island. 

During the year 1893 field work of exploration was carried forward by 
sixteen parties, of which four were in the province of Ontario, three 
each in British Columbia and Nova Scotia, two in the province of Que- 
Ijec, and one each in the Northwest Territories, in eastern Manitoba and 
Keewatin, in the East Main district and Labrador, and in New Bruns- 
wick. Brief outlines of the results of all these explorations are noted. 

w. u. 

Summary RejHyrt on the (>jH*mtions of the Geoh^ficdl Survey [of Can- 
ada] for the year 1H94. By George M. Dawson, Director. (Pages 
124 ; Ottawa, 18^. Price 10 cents.) After only a very short interval fromi 
the publication of the foregoing volume, this first i>art of the next is is- 
sued. During 1894 it was found necessary to reduce the number of field 
parties to twelve, Ontario having three, British Columbia and Nova 
Scotia each two, and the Northwest Territories, Keewatin, Quebec, 
Labrador, and New Brunswick, each one, from all of which brief ad- 
ministrative reports are given. 

Boring to test whether i)etroleum can l>e obtainetl in commercially im- 
|K)rtant quality has been carried to the depth of 1,011 feet at Athabasca 
Landing. This work is to 1k» continued to at least 1,500 feet, unless the 
stratum outcropping northeuBtward as '* tar sands " shall be previously 
reached. It is hoped to find large supplies of petroleum in this Creta- 
ceous formation, or in ix>rouB beds of the next underlying Devonian 
strata, whence the tar or bitumen is thought to have come by upwell- 
ing and evaiK>ratioii. 

Aniont^ the areas of new t'xplorations, the most interesting are the 
country from lake Atha!)a8ca northeast to CTiesterfield Inlet, and thence 
R)uth along the west coast of Hudson bay, traversed by Mr. J. B. Tyr- 
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» 
rell aixl his brother, as already noted in the American GEOLOoiflT (vol. 
xixi, p. 132, Feb., 1894, and vol. xiv, pp. 338-340, Nov., 1894), and the 
L«i.brador peninBula, which Mr. A. P. Low crossed from south to north 
and a^in from east to west and south. 

lliOiiv*8 northward route was by lake Mistassini, the upper part of the 

^Elas-t liain river, lakes Nichicun and Kaniapiskau, and down the Kok- 

soalc or Ungava river to Fort Chimo, near the debouchure of the river 

***to TJngava bay. Finding great scarcity of provisions there, with fam- 

^^^ cft.xkl starvation of the Indians, Low and his party took passage on 

tlio ^ludson Bay Company's steamer to Hamilton Inlet. Thence they 

^"''^'i't up the Hamilton river, by its expansion in lake Winokapau, to the 

^*""^ri<J falls, where the river has 300 feet of sheer vertical plunge, with a 

^'^'"y narrow and crooked cafion next below, about ten miles long and 

^^>oc5^Bding in that distance another 300 feet. Lake Winokapau was 

^•o^iKiel to have a maximum depth of 416 feet, and was at one place 80 

^^^•"^ deep within 50 feet from the shore. From these soundings Mr. 

concludes that '' the elevation of the land in preglacial times was 

greater than at present, and that the valley of the Hamilton river 

lince been filled, up with glacial drift; out of which the river is again 

^?^^iiig a channel; but owing to the less elevated state of the land it 

^. *"** :|Drobably not again reach the depth that it had previous to the gla- 

j ^* X^eriod." The Champlain subsidence and reelevation at Hamilton 

^ *^'t , as shown by raised beaches, are thought not to have exceeded 200 

^^^^■^ summing up his observations. Low writes: ** The most important 

^^"^ ^ ci^cal information obtained is the discovery of a great and hitherto 

I ^^^own area of Cambrian rocks extending north-northwest from north 

" "t Vide 53 degrees to beyond the west side of Ungava bay. These rocks 

^nade up of a great thickness of conglomerates, sandstones, slates, 

^,^^^ ^ J^^s, and limestones, together with intrusive igneous rocks. Their 

^ *^< economic value is due to the immense amount of bedded iron ore 

^ , ^^X^d along with them. The ores are chiefly specular and red haema- 

'^^^ together with beds of siderite or carlxmate of iron. Thick beds of 

ore associated with jasper were met with in many places, on both 

Ungava and Hamilton rivers ; and the amount seen runs up into 

^^^Mions of tons. Owing to their distance from the seaboard, these ores 

^ present are of little value, but the time may come when they will add 

^^^tly to the wealth of the country." The similarity of these areas 

/j^ith the valuable mining districts of northern Michigan, Wisconsin, and 

"^^innesota, seems especially noteworthy. 

Prom observations of the glacial striae and transiK)rtation of drift, it 
^lipcars that the ice-sheet flowed outward ** in all <lirect ions from a cen- 
^^^ area south of lake Kaniapiskau and between the headwaters of the 
^^amilton and East Main rivers." Upon the central tract, however, 
^^uly a comi>aratively small amount of ice movement is indicated, for 
^lie ground, even to the very summit of the hills, is commonly covered 
'*y very abimdant subangular blocks and boulders of the l(K'al rocks, 
'^hile erratics are very rare. 
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After many years of service on the Canadian Geological Survey, Dr. 
Dawson is appointed to its directorship, which Dr. Selwjrn lays down at 
the end of a successful administration through twenty-five years. We 
extend to the new director the wish that the work carried on and super- 
intended by Logan and Selwyn may be as long and as prosperously con- 
tinued under his direction. w. u. 

Does the Delateare Water Gap consist of Two River Gorges? By Em- 
ma Walter. (Pages 8, with map, Proc. Philadelphia Acad, of Natural 
Sciences, March 13, 1895.) The topographic features of the Water Gap, 
the exceptional depth of the river, 35 to 50 feet, in the gorge, while it is 
shallow with rapids above and below, and the hights of the valley ter- 
races of gravel and sand, are regarded as evidences that the greater part 
of this gap, passing through the Kittatinny or Blue Mountain range, 
was cut in preglacial times by a river flowing there northwestward, op- 
posite to the present course of the river, which since the Ice age is 
thought to have cut the lowest 150 feet of the southeastern part of the 
gorge. The depth of the river, however, seems no more than may be at- 
tributed to the force of its floods in this constricted and curved iMirt of 
its channel. w. u. 

En resa till norra Ishafvet somniaren 1892. By Axel Hambebg. 
(Pages 25-61, with map, and 14 figures in the text, views engraved from 
photographs; Ymer, 1894.) In the northeastwardly facing frontal cliffs 
of Loven's glacier, near the shore of King's bay, Spitzbergen, much en- 
glacial drift was observed. The ice is distinctly stratified, and the in- 
closed drift occurs chiefly in definite layers, separated by others of near- 
ly clear ice. Where a boulder is imbedded, the ice laminae curve up- 
ward over it and downward under it. Sigmoid folds and overthrust 
faults have been produced by the differential motion of the ice strata. 
Loven's glacier thus presents very consjiicuously the same conditions 
which Chamberlin has described from his studies, two years later, in 
northern Greenland. w. v. 

The ProtolenuH Fauna. By G. F. Maithew. (Trans. N. Y. Acad. 
Sci., vol. 14, pp. 101-153, pis. i-ix, 1895.) Protolenusj Matthew, is a 
trilobite genus closely allied to OlenelluH. The Protolenus-fauna is the 
oldest known Cambrian fauna in the New Brunswick section. It lies 
immediately beneath the Paradoxides beds, and is otherwise denomi- 
nated by the author as the fauna of Band ?> of division 1, or the Acadian 
division of the St. John group. The '^Olenellus-zone " which in New 
Brunswick, and generally throughout the Atlantic region of North 
America, in Scandinavia, etc., lies beneath the Paradoxides horizon, 
has not been found in New Brunswick. It would seem that the fauna 
with Protolenua occupies the stratigraphical jiosition of the Olenellus- 
zone. 

The author had already described certain species of this fauna, but 
the number has been much enlarged and their distribution established 
with greater precision, by the diligent collecting of Messrs. W. D. Mat- 
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thew and Gilbert von Ingen. The assemblage of species, to the descrip- 
tion of which most of these pages are given, is an interesting and in 
many respects highly remarkable one. The author's well known keen- 
ness of observation is displayed to admirable advantage in these de- 
scriptions and the accompanying illustrations. Some of the more strik- 
ing elements in the fauna are here briefly noticed : 

The determination of Foraminifera of the genera Orlmlina and Olo- 
higerina (8 species) is one of much interest, originally due to Mr. W. D. 
Matthew. To the Spongida are referred some doubtful bodies designated 
as Monadites, Protospongm and Astrocladia. The list of Brachiopoda 
presents an assemblage of noteworthy forms; typical Lingulellas; Botsfor- 
dia, an oboloid genus founded upon the species Oholua 9 pulcher Matth., 
to the illustration of which an entire plate (iii) is given; a species of Obolus 
(O. printinus) which, if correctly referred, is the sole American repre- 
sentative of the genus ; the interesting genus Trematobolua, Matthew, 
(type, T. insignia Math.) anobloid shell with certain siphonotretid char- 
acters and articulating apparatus is redescribed at length ; species of 
Obolella, Linnarnonia, Acrotreta and Acrothele. Among the Mollusca 
are representatives of some interesting genera, such as Orthotheca^ No- 
v4k, Diplotheca, Matth., with its septate hyolithoid shell, and VoUmr- 
thella, another septate supposed pteropod. Pelagiella is a new generic 
name introduced for a small spiral Platyceras-like shell, believed to rep- 
resent a heteropod ; P. atlantoides is the type. 

The ostracodes are represented by eighteen species, among them forms 
belonging to the author's genera Hipixynieharion and Beyrichona, with 
others referred to Primitia, Aparchites^ SchmidteUa^ and Leperditia. 
To the Phyllopoda is doubtfully referred the genus Lepiditta,, Matth. 
(L. aigillata, type.) 

The Trilobites present a number of new things : a new genus, Prota- 
^.graulos (type, P.priscus), founded on a small cranidium of verj- primi- 
tive type, with unsegmented glabella and long eye-lobes ; another, Mic- 
niacca (type, M. inatthevi), based on large cephala with broad, sub- 
-quadrate, obscurely lobed glabella extending to the frontal margin, and 
-elongate eye-lobes. Four species of this genus are described. Berger- 
onia is a new term applied with subgeneric value to a form previously 
described as Protolenus elegans^ W. D. Matth. The difference from 
Protolenus is stated to be wholly in the form of the thoracic segments, 
those of that genus being flat, with a diagonal furrow, while in Berger- 
onia they are strongly grooved and geniculate. The list contains also 
Bpeciea ot Ellipsoeephalus &nd Av(douia, a.nd of the entire number of 
trilobite species, seven are new. The entire fauna lists seventy-four spe- 
cies and varieties. 

In his conclusions the author shows that the Protolenus fauna, on 
account of the absence of characteristic tyi)e8, can not be regarded as the 
fauna of Olenellus, whatever its stratigraphieal relations to that fauna 
maybe. Further, that the fauna with Pntfolenus is more primitive 
than that with OleneUun; as evinced, for example, in the long contin- 
uous eye-lobes of all the trilobites : and also more pelagic, as shown by 
the presence of Foraminifera and Heteropoda. j. m. c. 



202 The American GeologUL September, 1895 

CORRESPONDENCE. 



Receict Geological Work in South Dakota. By the direction of 
the State Board of Regents of Eklucation the School of Mines of South 
Dakota sent two parties into the field in May and June of this year. 

The general oversight of the work was placed in the hands of the 
state geologist. One party, consisting of Prof. F. C. Smith of the 
School of Mines and several of his students, spent the time in carefully 
examining the section of the Black hills along Rapid creek, with the 
special purpose of unravelling the complicated structure of the Algon- 
kian slates and quartzite. The other party, consisting of myself and 
one assistant, made an extended reconnoissance of the northwestern 
portion of the state. The following points of general interest to geolo- 
gists were ascertained and it is thought best to place them on record 
before the preparation of a more careful report. 

1. Numerous small bivalve shells have been found in the Purple lime- 
stone which lies in the Red beds and which has been reported by all 
previous observers as entirely without fossils. 

2. Numerous folds of great extent and of very complex character are 
found to occur in the slates along Rapid creek in the eastern portion 
of the Black hills. Also an important advance in the tracing of the ex- 
tent and subdivisions of the Algonkian. 

3. Miocene beds, both White River and Loup Fork, with character- 
istic fossils, have been found overlying wide areas of the Laramie north 
of the Black hills, covering quite deeply most of Harding county, with 
thin outliers over the north half of Butte county and south half of Ew- 
ing. In the Short Pine hills and Slim buttes these deposits exhibit a 
depth of 200 to 400 feet with characteristic fossil features closely resem- 
bling those of the White River region. 

4. An area of di8turl)ance was found in the north half of Slim buttes 
in northeast Harding county covering i)erhaps 20 to 25 square miles. 
This consists of sharp folds, including the Laramie and White River 
beds, with throws of perhaps 100 feet and dips of 25 degrees. 

5. UiK)n these beds lie horizontal strata of white sandstone over 100 
feet in thickness, doubtless of the I»up Fork age. Photographs of in- 
structive exposures were secured. 

(3. The lignite beds of the Laramie of North Dakota and Wyoming 
are found to extend so as to underlie most of Ewing, Harding and Mar- 
tin counties. These features are quite constant in thickness over wide 
arcHH, esijecially toward the north. Two of them, four to five feet in 
thickness, underlie the Cave bills, and the lower ime extends scores of 
miles under the surrounding country. In some places, as in the north 
half of Slim huttes, three beds were found, five, six and ten feet in 
thickness, in a vertical distance of 50 or GO feet. With these great 
(juantities of fossilifcrous clays, affording beautiful 8iK»cimens of fossil 
leavi's, were found. J. E. Todd. 

VcnniUioit, S. I)., Aikj. .'>, isif.'). 
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PERSONAL AND SCIENTIFIC NEWS. 



Mr. W. D. Matthew, of Columbia College, has been ap- 
pointed assistant in vertebrate paleontology in the American 
Museum of Natural History. 

Prof. John Milne, the well known seismologist, is about to 
return to England. For several years he has been connected 
^^ith the Royal University at Tokio, Japan. 

Prof. J. F. Kemp has conducted the geological work of this 

jr ear's Summer School of Columbia College at Central C-ity, 

Oolorado. In August and September he will be engaged in 

field studies in the Adirondacks. During Prof. A. J. Moses' 

ci.l>8ence the coming year Prof. Kemp will act as managing ed- 

i tor of the School of Mines Quarterl3\ 

Prof. Valentine Ball, director of the Museum of Science 
xid Art of Dublin, died on June 17th, at the age of 52 years, 
e was elected a fellow of the Geological Society of London 
[ 1874, fellow of the Royal Society in 1882, president of the 
oyal Geological Society of Ireland in 1882, and was professor 
1 geology and mineralogy in the Universitv of Dublin from 
- ^81 to 1883. 

Mr. F. W. Saudeson, formerly instructor in paleontology in 
fce University of Minnesota, has this summer taken the degree 
:f Doctor of Philosophy at the University of Freiburg. His 
^rst work in Freiburg was the reexamination of the Dogger of 
' Mie Upper Rhine valley, which has proved a perplexing puzzle 
MDT some years. By the discovery of a few new localities for 
jssils he was able to establish the following succession, in as- 
^ sending order : 1. Murchisonw-Schichten ; 2. Sowerbyi-Schich- 
3. Blaue Kalke; 4. Giganteus-Thone; 6. Humphriesi- 
chichten; 6. Coronatus-Schichten ; 7. Subfurcatus-Schich- 
n; 8. Hauptrogenstein. (Mitt. d. Grossh. Badischen Geol. 
andes., Bd. Ill, Heft. 2, S. 109-117, Taf. 2, 1895.) 

The United States Geological Survey. Sc/otce for July 
X ^th, gives an extended abstract of the report of director Wal- 
^^ott for the month of May, 1895. He remarks on the early 
^?^ommencement of tield work this season as compared with 
former years, with the prospect of a longer season and more 
ubundant results. The topographic parties nearly all took 
the field during May, as did also a number of geologic parties. 
Such topographers and geologists as were detained in Wash- 
ington beyond the close of the month have since taken the 
field from time to time, as the exigencies of the work already 
in hand permitted. This early commencement of the field 
'vork of the Survey is attributable in the main to the action 
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of ( 'on^rrss in pmviilinjc i" tli<' I»J*t Sundry Civil bill that the 
jippropriatifins for the SurvfV for th<* (iscal year 1895-1896 
slioukl Ix'conK' availalilc Iwfijre the first of .July. The different 
dirrrtions in which \v<irk is pn»grcssinjjf and th«* work of the 
various ^fol<j^ists is ^iv**n in soni<* detail. 

I)K. M. E. Wamswouth, director of the Michigan Miiiin|r 
SrluKiI, delivered an address before the ^radiiatin^ ela88 of 
the I/Anse (Mieh.) hi^h school this summer. He uiakeH a 
ph*a for mining enj^ineerin^ as the Ijest field for many a young 
man to enter. Wc (|Uot<* the mf»st int<*r<*stinj^ and important 
part of the achlress : 

The en^in(*erin^ lincH offer opiM)rt unities for nn hi^h an education and 
the exerciM' of uh ^r(>at al>ility as any other pnifenHion. while the re- 
vvardfl are often ^r^•at. ♦ ♦ * ♦ * i,i my judgment mining en^- 
neerin^ now offerH one of the liest fieldH for any industrially inclined 
younu man. The reason for this is the csfieeially broad and varied 
training a man obtains in his preparation for this profession. The object 
of the training is to teach a man to aid in the development of the min- 
eral wealth «)f thi' »?<mntry. In diiinjf this the student is instructed how 
tt) explore the field and forest, to know the valuable and useful minerals 
and HK'ks and to distinguish them from those that are not useful, to 
imderstaud the ^eolo^ical principles that govern the formation and as- 
sfMMation of all useful mineral dt*)H)sits and to be able to approximately 
estimate their value: to survi»y and lay out the property for opening, 
and to map it accurately: to desi^m or select the hoisting, transportfi- 
tion. {lower and li^ht plants: to (lesi^i and erect the mills, furnaces, 
d(N*ks. dams, etc.: to survey, lay out and plot the town, roads, railroads, 
tramways, etc.: to understand the methcKls of mining or quarrying the 
de|iosit. of timlH'ring and ventilating the min(>: assaying the ores: to un- 
derstiuid the strength and profx'rties of construction materials, the im- 
provetl methods of generating and using steam, the care of Iwilers, en- 
gines and ptnnps. how to test them and determine their efficiency: make 
repairs, liandle machine and other t(Nils: to know the principles of elec> 
tricity. its generation, storage, transmission and use, and to design and 
lay out plans suitable for its tise in ligliting, haulage, etc.: to under- 
stand Indraulic mining, the use and transmission of water power: the 
tiow of water through pi]M's. ditclies. etc.: and the various problems of 
wsiter supply, dniinuge. s^'wage. et<'.: to intelligently S(*lect the methcxla 
of handling any ore. to dress and concentrate it, to understand its con- 
stitution, and tochcMisethe metallurgical pnM*es8es liy which it f^ould 
be treated: to he converwint witli the inethtKls of keeping the accounts 
and luNiks relating to mines, making the purchases, selling the pro- 
(hiets. etc. Such a training as this makes a man not tmly useful al)OUt 
any ]iart of the work in ol)taining mineral pnKlucts, l)ut it makes him 
valuable in alnioHt every walk in life. 

It is easv io s(>e that such an education will make any man of reason- 
able intelligence a fair mathematician, physicist, chemist, assayer, met- 
allurgist, mineralogist, geologist, draughtsman, designer, survevor, a 
civil, iiieclianical. cleetrical ami mining engineer. wcHxlsman, meclianic, 
iiiiDinan. etc. 

TnK OrronKK NrMitKK OF TUK Amkkk'an (ikoi.ogist wlU Con- 
tain an lOMMiiinl of the meetings of the (ieologieal S<K!iety of 
Ani'*ri<';i arnl the .Vincrican .\*isociation for the Advancement 
(.r Science ;it Spri ngti«*l(l. .Mass., August 27th to September 
Till. 
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[Cbucial points in the oeoloot or the Lake Supebiob region. No. 8.1 

THE SYNCHRONISM OF THE LAKE SUPERIOR 

REGION WITH OTHER PORTIONS OF THE 

NORTH AMERICAN CONTINENT. 

By N. H. WiNCHELL, Minneapolis, Minn. 
(Plat© XI.) 

After this glimpse of the succession of events in the Lake 
Superior region it will be well to institute another comparison 
with eastern localities, showing a general synchronism of the 
geology of lake Superior with the Adirondack and Taconic 
areas. Reference has already been made to the occurrence of 
eruptive rocks in the Canadian territory which is immediately 
adjacent to these rocks in Minnesota, considered Lower Cam- 
brian by Dr. Selwyn, and to others further north which Dr. 
G. M. Dawson has mapped as Lower Cambrian and places at 
about the same age as the copper-l)earing rocks of lake Supe- 
rior. The succession of geological changes, as now made out, 
in the Lake Superior region, appears to be expressed as follows. 
This leaves out of the account the latest of the volcanic con- 
Tulsions, viz., that which caused the intrusion of the traps 
that cover the light colored and marly sandstones at Black 
bay and which produced, according to Dr. A. C. Lawson, the 
Logan sills of the Animikie* at a considerably later date than 
the Keweenawan epoch, and which will be considered later. 
It embraces only the essential steps that are covered by the 

^Bulletin VIII, Minnesota Geological Survey, p. 47. 
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classification embodied in the Bulletins of the United States 
Geological Survey, which are here examined (Nos. 81 and 86). 
They are given in descending order. 

Succession of Geological Extents, 

(I.) A great Bandstone, Don-conformable over (a) the Archean; (h) the 
lower iron-bearing series (Keewatin); (c) the upper iron-bearing series 
(Animikie) and its eruptives; id) parts of the Keweenawan. It is con- 
formably under sandstones carrying an Upper Cambrian 'fauna. The 
Dicellocephalns horizon, 

(II.) Disruption, folding and metamorphosing of the rocks of No. Ill, 
accompanied by the issuing of basic molten rock, and perhaps by the 
fusion of some of the elastics. Eruptives cotemporary with and fol- 
lowed by clastic sediments of great thickness. Keweenatcan ei^ptive 
age. 

(III.) Great quartzyte and conglomerate, underlying the last, non- 
conformable over all the older formations, after a great erosion interval. 
The Keweenawan basal beds, Paradoarides horizon, 

(IV.) Great upheaval and metamorphosing of the rocks of No. V, ac- 
companied by the formation of enormous dikes and masses of gabbro 
with titanic iron ore, and of anorthosyte rock, the fusing of the elastics 
of No. V and the production of quartz-porphyries and felsytes on a large 
scale. The Animikie revolution, 

(V.) Black slates and reddish to grayish quartzytes (Wauswaugo- 
ning), iron ore (Mesabi), quartzyte. Slates sometimes converted to fine- 
grained crystalline schists and magnetited, and to gneisses. Quartzytes 
and slates changed sometimes to quartz-porphyry and keratophyre. A 
limestone, often marmorized, of greater or less thickness belongs near 
the bottom. The Animikie. Supposed Olenellus horizon. Non-con- 
formable on the different parts of the Archean. 

(VI.) An unconformable underlying complex of crystalline rocks. 

It is scarcely necessary to dwell on this statement of the se- 
quence of geological events in the Lake Superior region. This 
history has been established by the combined observations of 
numerous geologists during the last thirty years. Probably 
no geologist who is acquainted with the region would call in 
question any of the events above expressed, or the relations in- 
dicated. There are of course many minor matters, more in 
the detail of subdivision and derivation for the different parts, 
on which geologists would not be found in accord, but the 
grand steps of the history as tabulated, whatever the age at 
which they occurred, are accepted by nearly all. 

Attention may now be called to the parallelism of this etruc- 
tural series with that already expressed for the Adirondack- 
and the Taconic areas. 
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I^aralleliam between the Eastern Xew York and the Lake 

Superior Jiegion.* 



Lake Superior. 
(rt). Upper Cambrian (Dicello- 
cephalus) fauna, embraced in mag- 
nesian limestones and siliceous 
sandstones. 

(i?). The upper parts of (a) non- 
coo formable on some of the earlier 
rocks, indicating a progressive 
6ii1t> mergence. Contact on the 
trap at St. Croix falls. St, Croix, 
(c). The base of (a) is a sand- 
stone, and a conglomerate and is 
non -conformable on the rocks of (e) 
and of {g}^ and the sandstones also 
on some parts of (d). Lake Supe- 
rior sandstone. 

{d), Basic irruptives and surface 
flows, accompanied by acid igne- 
ous rocks; these interstratified 
with clastic rocks. Keweenawan. 
(e). Underlying the eruptives of 
<d) is a great quartzyte and con- 
glomerate, very compact and firm. 
The Sioux quartzyte containing 
Pf^radoxides and Lingula. This 
18 non-conformable on all the older 
rocks. In Wisconsin Palceacmaea^ 
irvingi is evidently from this hori- 
zon. 

(/). Massive basic irruptives; 
acid eruptives; titanic iron ore; 
^orthosytes, associated with the 
rocks of ig) which they change to 
^^stalline conditions. The Ani- 
^ikie revolution. 

^9)' Slates, limestone, quartz- 
schist, hematite iron ore, upheaved 
^^ crystallized; mica schists and 
P^eiases. The Mesabi and the 
*^^nokee rocks. The Animikie. 



Eastern New York. 
(a). Upi)er Cambrian fauna em- 
braced in magnesian limestones 
and siliceous sandstone. 

(b). The rocks of the Upper Cam- 
brian fauna non-conformable on 
the older rocks — both crystalline 
and uncrystalline. Contact on the 
' *hy persthene rock. ' ' Calciferous , 

(c). The basal parts of {a) are a 
sandstone and conglomerate, wide- 
ly transgressing the older rocks. 
This sandstone is also non-con- 
formable with parts of (/). Upper 
part of the Potsdam sandstone. 

{d). Not certainly identified, but 
probably in the "eastern town- 
ships'' of Canada. Not yet sepa- 
rated from (/). 

(e). A hardened sandstone or 
quartzyte lying, with a basal con- 
glomerate, non-con forma b 1 e on 
crystalline schists. The true Pots- 
dam sandstone at Potsdam, and 
eastward to the Au Sable gorge. 
Hyolithes, PalceacmceOj ConocepJi- 
alitesj Lingxda. 

if). The **hypersthene rock," o 
gabbro, of th' Adirondacks with 
its titanic iron ore. The Upper 
Laurentian of the Adirondacks^ in 
part. 

ig). Mica schists, marbles^ 
quartzyte, magnetic iron ores, 
gneiss. Marbles and quartzytes 
have Olenellus in Vermont. Part 
of the Upper Laurentian of the 
Adirondacks, and the Taconic of 
Vermont. 



The Eastern New York region in this connection is supposed to in- 
clude adjacent areas in Canada and New England. 

Tin Wisconsin, seven miles west from Merillan, in Jackson county, are 
JJ^Jinds of quartzyte (white and pink) similar to the quartzyte at Bara- 
"jo, except they are not so dark, from which this fossil evidently was 
obtained. Geol. Wis., vol. iv, p. 173. 
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(h). Great nonconformity OD the (h). Unconformity on the Green 

Archean. The rocks of {g) are Mountain gneiss and on an older 

sometimes folded with the Archean series in the Adirondacks, as late- 

so as to cause them to be con- ly announced afresh by Kemp, 
founded. 

(0. Oldest known series of crys- (t). An older series of crystal- 

talline rocks. Archean, lines. 

Lithological Constants. 

Much has been said in late years against the evidence of 
lithologic similarity as a guide to the parallelism of rock out- 
crops in dilferent localities; but when it is remembered that 
in the earlier epochs of geological history great uniformity of 
oceanic and physical conditions spread over vast expanses of 
the earth's surface, and that dilferentiation of no kind had ad- 
vanced very far, it is perhaps more reasonable, in the case of 
the epochs which we are considering, to expect a uniformity 
of rocky structure over large areas than a cotemporary diver- 
sity. Physical effects, as they are manifested in the ocean's 
drama of sedimentation, were not modified by great variations 
of depth, nor by continental shores. It was only when the 
heaving of the thin crust, perhaps under changing astronomic 
influences, finally broke it and allowed the molten interior to 
escape to the surface, that the repose of eons was disturbed 
and the sedimentary succession was varied. In the light of 
the facts which are brought together above, making a litho- 
logical and structural comparison between the eastern portions 
of New York and the Lake Superior basin, in Taconic time, it 
is at least not unreasonable to question the wisdom of the 
common practice of casting out as unreliable all evidence de- 
rivable at this horizon, from a comparison of lithological 
characters. In order to make this plainer it will be well to 
emphasize the constant lithological features that are known to 
have prevailed, simultaneously, in tlie two regions. 

To do this but little more is necessary, at the first glance, 
than to refer to the sequence as already stated in the fore- 
going tables. There are, however, some remarkable rock spe- 
cies, unlike any found in any other part of North America, 
either in earlier or later geological history which occur coin- 
cidently at these distant points. First of all the great anor- 
thosyte series stands prominent. This remarkable group 
under the names Norian, Upper Laurentian and Hypersthene 
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rock, or simplj gabbro, embracing the crystallincf apatites and 
the titanic iron ores of the country, and, as dependencies, 
certain marbles and quartzose gneisses with their graphite and 
non-titanic magnetites and a large variety of novel mineral 
species, protrudes itself upon our notice. That it should ap- 
pear in North America at so widely separated points, at essen- 
tially, if not precisely, the same time in the early history of 
the earth, is a remarkable event which calls for some explana- 
tion other than the ordinary reference to oceanic conditions. 
This great plutonic agitation appears to have been felt along 
a belt extending from southern New York northward through 
the Adirondacks, through Canada, appearing on the north 
shore of lake Huron, where coarse eruptives are mingled with 
the broken and subcrystalline strata of the "original Huron- 
ian," to lake Superior and the region of Duluth, occurring on 
both sides of the great basin. More recently a gabbro of sim- 
ilar character has been discovered about 120 miles still further 
west in Minnesota. How far southward along the Appala- 
chian fold this effect can be distinguished from that of other 
epochs of irruption and crystallization is unknown, but simi- 
lar gabbro rock has recently been announced in the vicinity 
of Philadelphia* and Baltimore.f The actual eruption of the 
characteristic labradorite-anorthosite rock may not have pre- 
vailed in all those regions throughout which, still, the cotem- 
porary folding and metamorphie changes were imprinted on 
the earlier rocks. In the latter effects this epoch may perhaps 
yet be identified over wide areas on the Appalachian moun- 
tains and its rocks may be found to extend much further 
northeastward toward the mouth of the St. Lawrence, and to 
be of the age of the rock in Labrador from which its chief 
feldspar is named. 

Another lithological constant involved in the rocks of the 
Taconic from eastern New York and Vermont to northeastern 
Minnesota is the iron ore horizon which appears overlying the 
basal quartzyte of the Aniniikie. That this must have de- 
pended on oceanic causes inherent in the Taconic for its 
stratigraphic position as well as for its geographic extent, is 

*J. F. Kemp. On an occurrence of gabbro (norite) near Van Artstla- 
len's quarry, Bucks county, Pennsylvania. Trans. N. Y. Acacl. Sci., 
vol. XII, March, 189.S. 

tG. H. Williams. Bulletin 28, U. S. Geol. Sur., 188G. 
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evident. That its existence, whether the ore be hematite (or 
linionite) or magnetite, must be based in some cause equally 
applicable of operating over areas so widely separated at the 
same time, is equally apparent. That it antedated, in part at 
least, the main gabbro disturbance, which closed the Animikie 
portion of the Taconic, is plain, since the gabbro has rendered 
it magnetite where it has been in contact with the gabbro. It 
is with some satisfaction that it can now be stated that work 
recently done for the Minnesota survey by Mr. J. E. Spurr, 
after prolonged investigation into the environments of the iron 
ores of the Mesabi range, has resulted in a substantial demon- 
stration of the oceanic nature of the rock from which the ore 
is produced by metasomatosis and of the probable existence 
of organisms in the cotemporary Taconic ocean as the primal 
source of the ore.* In short, Mr. Spurr's result on this point 
indicates that the iron ores of this geological horizon were at 
first in the form of greensand, and that foramini feral remains 
contributed to the unstable chemical condition in which the 
primary glauconite rock was formed. This important discov- 
ery accords with other facts known before which pointed to- 
ward a very early oceanic origin for these ores. It also 
explains their existence at the same stratigraphic plane and 
over a wide extent. 

Chondrodite, a characteristic mineral of the limestones of 
the Taconic in New York and New Jersey, at first supposed 
to be proof of their Archean age, also accompanies the lime- 
stones of this horizon in Canada, f but has not yet been re- 
ported further west. 

Without further specification of the lithological constants 
of the Taconic it may finally be remarked that the usual rock 
kinds, such as sand*?tone, limestone and graphitic slates,which 
succeed each other in these strata in the east and in Minne- 
sota, when tlie same are non-crN'stalline, are quite similar and 
occur in the same successional order, and when crystalline are 
converted into quartz^^tes, schists and marbles having notice- 
able peculiarities: and that, finally, they are accompanied in 
the two regions by almost an identical f^uccession of physical 
disturbances, manifesting cotemporary non-conformities in 
the stratigraphy. 

♦Bulletin X, Minnesota Geological Survey, 1894. 
tGo(jlopy of Canada, 18a3, p, 58(5. 
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Map of the Lake Superior Region, 

The accompanying map of the Lake Superior region (plate 
XI) is designed to show the approximate areas of land and 
water at three different times in the progress of events as 
above projected, throughout the Lake Superior basin. 

The areas designated by A represent th? land at the close 
of Archean time, or just prior to the opening of Taconic time. 
As the Taconic seems to have been inaugurated by a wide- 
spread submergence, as indicated by the extensive conglom- 
erate which forms its base, even at points somewhat remote 
from its present surface boundaries (which themselves may be 
supposed, however, to have been driven back by degradation 
some distance from their original positions) it is probable that 
the land areas at the close of the Archean were considerably 
larg.?r than here shown. It is, however, obviously impossible 
to even approximate a correct representation of the actual 
Archean land in those tracts which are still buried beneath 
sediments of Cambrian and later date. This map therefore 
shows simply a representation of Archean areas that are now 
known to be exposed at the surface. The term Archean here 
covers all the basal crystalline complex which is found in a 
crumpled condition unconformable below the Taconic and 
which has been divided by Lawson into Laurentian, Couchi- 
ching and Keewatin. It includes the lower iron-bearing rocks 
of the Lake Superior region, but not the upper. 

Areas designated by T show the land increments due to 
rocks of Taconic age, including in this the areal extent of the 
eruptives of the Norian and of the Keweenawan, the latter of 
which brought Taconic time to a close. The difficulty of map- 
ping the later eruptives as an integral part of post-Taconic 
time is the principal reason for putting them witli the Taconic. 
Again they are so intimately associated with the earlier erup- 
tives and with the metaniorphic conditions of the clastic 
strata of the Taconic of which they embrace large masses, 
and between the planes of whicii they have penetrated as con- 
formable layers, that to separate them in such a maj) would be 
impossible. Chronologically they »re i)ost-Taconic,and on their 
upper surf ace lies the base of the rocks of the I)icellocej)halus 
zone. They simply form a punctuation datum in geological 
history, belonging as much to what precedes as to that which 
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follows, but at the same time not a chronologic fraction of ei- 
ther as a faunal zone. Within the Taconic area are included 
the upper iron-bearing rocks of Minnesota, which in Michigan 
and in some parts of Wisconsin are so closely folded with the 
rocks of the lower iron-bearing series that they have never 
before been mapped separately in those states. The attempt 
here made to separately indicate them must be considered, 
therefore, as only a very general provisional mapping.* 

Areas designated C show the additions which were made to 
the land area by the elevation of those rocks which immedi- 
ately followed the eruptive Keweenawan and yet preceded the 
base of the Lower Silurian — i. e. up to the bottom of the 
Trenton limestone. These are distinctively the "Upper Cam- 
brian" of the region and are the only rocks which in the final 
Minnesota reports have been mapped as Cambrian, the Low^er 
Cambrian having been called Taconic. 

The foregoing presentation of comparative facts of struc- 
ture, litholog}' and paleontology, as expressed on the accom- 
panying map, render the following conclusions both reason- 
able and probable : 

1. The rocks of the Cortlandt series (the elastics), of the 
original Taconic area and of the upper series of the Adiron- 
dacks, are of the same age, i. e., Taconic or Lower Cambrian. 

2. The basic rocks of the Norian or Upper Laurentian sys- 
tem of Canada are of the same age as the gabbros of the 
Adirondacks. 

3. The Taconic in America embraces all the strata contain- 
ing any known fossils older than the Dieellocephalus zone, or 
Upper Cambrian. It is separated from the Archean by a 
profound non-conformity. 

4. The Animikie strata in Minnesota and in general the 
upper iron-bearing series of the Lake Superior region are of 
the age of the Taconic. 

5. There are great objections to the supposition that the 
Taconic age is represented in the Lake Superior region by a 
supposed erosion-interval between the red sandstones of the 
Upper Cambrian (St. Croix or Dieellocephalus zone). 

♦Van Hise's map of the Penokee series accompanying the Monograph 
on the Penokee Iron-bearing rocks of Michigan and Wisconsin (Mod. 
XIX, U. 8. Geol. Survey) has been published since this map was con- 
structed. It would not, however, essentially modify it. 
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6. These are so great that, in consequence of other consider- 
ations that lead to the belief that the two sandstones are es- 
sentially the same formation, it is better to consider them as 
one, although manifesting many evidences of disturbance by 
the eruptive action which prevailed during their deposition 
&nd later. 

7. The Taconic age, therefore, is represented in the Lake 
Superior basin, as in New England and Newfoundland, by a 
^reat series of quartzytes and slates and a few limestones. 

8. Those rocks which have been described and mapped as 
Kleweenawan embrace three eruptive systems,* separable by 
't'wo erosion intervals marked by basal conglomerates and by 
:raunal differences, viz., the eruptives of the Animikie revolu- 
tion, those of the Keweenawan proper, and the eruptives of the 
region of Thunder bay and Black bay. 

9. We may add as a corollary of the foregoing that the 
ocean which covered the spot where North America was to 
c^xist was subject to forces which acted simultaneously on a 
Arery wide extent, producing oceanic deposits of like nature 
ctnd of like succession, in widely separated regions; and, 
3. gain, that some other widely operating forces caused the 
simultaneous elevation, depression and, finally, the breaking 
of the crust and the escape of vast quantities of basic rock at 
p^oints far distant from each other. 



BRACHIOCRINUS AND HERPETOCRINUS. 

By F. A. Bather, London, England. 

The comparison to which I desire to direct the attention of 
.merican palaeontologists seems to me, now that it is once 
i=riade, so obvious that I am quite ashamed of not having noticed 
* t: before. 

In the "Paleontology of New York" \ Prof. James Hall 
bounded a genus Brachiocrinua^tviliing as its type a new species, 
-^,nodo8ariu8^ represented on plate V, figures 5-7, and plate VI, 
ftgures 1-3. The type-specimens were supposed by Prof. Hall 
^o be the arms of a crinoid, to which structures they do in- 
deed bear a strong external resemblance. Further, in the 

♦The next paper of this series will describe the youngest of these 
stemfi. 

tVol. Ill, p. 118. 
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"Revision of the PaheDZDie Crinoid ?a/'* Messrs. Wachsmuth 
and Springer alluded to the fossils as "arm-fragments," and 
in their privately issued "Index" the name was printed in ital- 
ics, as being invalid. 

Now, I have little doubt that the fossils in question are not 
arm- fragments but stem-fragments, and that they belong to 
the same genus as the fossils also described by Prof. Hall as 
arms, under the name Myelodaeti/liia^ and correctly described 
by J. W. Salter as stems, under the name Herpetocrinus, A 
detailed account of the literary hist4)ry of those names and a 
minut-e description of the structure of those fossils was given 
in my "Crinoidea of Gotland. Part I. Crinoidea Inadunata"f 
on pages 36-52. It is therefore needless to repeat here the 
reasons for preferring the name Nerpefocritnts or for regard- 
ing the ordinary specimens as portions of stems. I will merely 
point out the reasons for a reconsideration of the status of 
Bra chiocr tints. 

That the remains are not arms follows from the fact that 
there is, as shown on plate VI. figures 1 and 3ri, of Prof. Hall's 
work, no ventral ambulacral or food groove on the main stem, 
while the supposed pinnules (tentacula of Hall) are stated to 
be ''without any appearance of a groove or canal on the inner 
side." Further, our present knowledge does not permit us to 
imagine a solitary arm, "without any app3arance of an artic- 
ulating surface or point of attachment to any other body," 
but terminating "below in a rounded condyle ;" "as if the 
arm, as it now occurs, had had an independent existence." 

On the other hand, the remains agree in essential structure 
with the stems at other crinoids. The tentacula, or cirri as 
they should now be called, are round in section, "with a linear 
foramen" or axial canal, which in plate V, figure 7, is seen to 
pass into the main stem, where it doubtless joins an axial canal 
in the stem. This latter, it is true, is neither mentioned in the 
text nor shown in the section (plate VI, figure 3a) ; perhaps, as- 
in many undoubted specimens of /ferjxifocritiit?, the axial canal 
has been obliterated by the processes of petrifaction. The 



rounded condvle at the distal end of the stem is also no' 
without j)arallel in other crinoids, e.g., Calceocrinns and 3fir^ 

♦Part II, p. 229, Proc. Acad. Nat. Sci., Philadelphia, 1891, p. 403. 
tK. Vet. Akad. HaDdl., Bd. xxv, No. 2, Stockholm, 1893. 
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len'crinus ; and it is no unusual thing to hear of stalked crin- 
oids attaining to a sami-locomotor existence. 

Next, to show that the remains called BrachlocrinuH nodo- 
Hfirhfs are referable to Ilerpefocn'mis. The coiling of the 
st«m, as in plate V, figure 7, is notoriously characteristic of 
that genus; so also are the paired cirri, which give the stem 
the semblance of a pinnulate arm. The slight groove on the 
inner curvature, represented in plat€ VI, figure 1, is also found 
in all species of Ilerpefocn'nits, while the section, plate VI, 
figure 3ri, may be compared with the numerous sections figured 
in '^The Crinoidea of Gotland," t^xt-figure 12 and plates I 
and II. 

It is true that in the excellent drawings by F. B. Meek, 
which adorn Prof. Hall's volume, one cannot see any of the 
minuter details and anatomical structures which a prolonged 
study of a very large number of Swedish and English speci- 
mens has enabled me to demonstrate in my memoir. There 
may, therefore, still be room for doubt as to whether the spe- 
cies is actually a Herpetocrinua, Mr. Charles Wachsmuth 
informed me some time ago that J£ erpetocrnnts-like forms oc- 
curred in an order of crinoids other than the Inadunata ; so 
that Brachiocriniis might conceivably be generically distinct 
from Uerpetocrinus, 1 cannot, however, think that this is 
really the case. So far as I understand, the forms alluded to 
by Mr. Wachsmuth are of Carboniferous (or Subcarboniferous) 
age; whereas the true Jferpetocrums is confined to the Silu- 
rian. The three species as yet described in North America 
come from the Niagara group, corresponding to the English 
Wenlock, in which also the genus is well developed. Brachi- 
ocriniis nodosa r ins is from a higher horizon — the Lower Hel- 
derberg. But in Gotland, species of Ilerpefocrinns occur in 
beds of the same age, s,o that this presents no diftlculty. On 
the contrary, the geological horizon is just what the appear- 
ance of the species would lead one to expect. It is a pecu- 
liarly developed species, more removed from what may be re- 
garded as the ancestral form than are the species from lower 
horizons. Its cirri are distinctly curious, '^composed of thick 
bead-like joints, which increase in size from the base to the 
middle, and thence diminish to the extremities." This char 
acter is possessed by only one other species of Herpef(tcrii!Hfs^ 
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viz., H,jlabelUcirru^^ which occurs in the uppermost beds of 
Gotland. In IL JlnheUicirrus, however, the character is cor- 
related with the arrangement of the cirri in alternating fan- 
like groups. It may therefore be concluded, in the absence 
of evidence to the contrary, that the fossils described a& 
Brack iocrinus nodosa ri us are congeneric with the species 
hitherto referred to Myelodactylus and Herpetocrinus^ but 
that specifically they are distinct. 

The name Brachiocrinus was published in 1859; Jiyelodac^ 
tylus had been published in 1852; while Jierpetocriaus^ which 
is the only other name that demands consideration, was not 
published till 1873. If we are to follow the law of priority, 
without paying any attention to the various limitations pro- 
posed by the founders of that law, then all these species must 
— if I am correct as to the facts — ^be called by the name Mye- 
lodactijIuH. If, on the other hand, we accept only the more 
obvious among those limitations, then we shall attribute due 
value to the facts that Myelodactylus and Brachiocrinus were 
described in term^ which anatomically considered were of ab- 
solute incorrectness ; that, in ccmsequence of this, the Euro- 
pean paleontologist who first gave a correct description of 
Iferpeforrintts could not re<»()gnize its id?ntity with either of 
them ; that for similar reasons the generic identity of the 
American and European 8|)ecies has been and still is denied 
by som3 American writers — I allude especially to Mr. S. A. 
Miller; that the most competent students of the Crinoidea in 
America refused to recognize either Myefodarhfliis or Brachio- 
crinus; and tinallv, that the names Jfi/efodacfyhfssLndBrach- 
iocrinns, being based on erroneous inferences, are essentially 
misleading. It seems to me that the zoologists, who, as at the 
International Congress, have re<*ently been insisting on the 
absoluteness of the law of priority, under all circumstances, 
have overlooked the ditticulties presented by fossils. Surely 
it is absurd that a name given to a complete skeleton should 
yield to some prior name given to a tooth or a tarsal, a feather 
or a tin- ray, especially since uncertainty so often attaches to 
the determination of their identity. Names that have been 
given to obscure fragments, and that, owing to insufficient 
description, have failed to gain acceptance, might well elude 
the stringency of the law. For such names at all events I 
prefer to accept the limitations proposed by the wise and ex- 
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perienced founders of the law of priority, and for the above 

given reasons I have adopted the name Herpetocrinus, The 

question, however, is one of minor importance so long as we 

understand the true facts of structure and affinity. Without 

further argument, therefore, I suggest the following revised 

diagnosis of 

Herpetocrinus nodosarius : 

Cirri (known as yet only in regions 5 and 6) irregular, alternating, at 
intervals of 1 to 4 ossicles; cirrus-ossicles moniliform, increasing in 
thickness distalwards to the middle of the cirrus, thence diminishing to 
the end. (Longitudinal sutures as yet unknown.) Distal end of the 
stem may form a bulb-like swelling, marked off by a slight constriction. 

This diagnosis is congruent with those given in the "Crin- 
oidea of Gotland," where all the t«rms here used are ex- 

« 

plained. 

The bulb-like end is of interest, and confirms the view ex- 
pressed in the following sentence :* "The attachment of the 
stem has not been seen in this genus. * * * * It is very 
probable that the animals usually broke off any rooted at- 
tachment they may have formed, and that they clung to corals 
or other submarine objects by their cirri. In some specimens 
the stem narrows at the distal end (plate II, figure 56) ; and 
this suggests that the creatures may have had some power of 
locomotion, such as might have been effected by successive 
contractions and extensions of the stem." 

I have ventured to submit these remarks for publication in 
the American Geologist, thinking that to be the surest means 
of attracting the attention of American students to these 
curious animals, about which, in spite of the investigations of 
fnany skilled observers, we have still so much to learn. 

British Museum (Nat. Ifist.)^ London, S. W., EuyJand. 



DESCRIPTION OF A NEW GENUS AND FIVE NEW 

SPECIES OF FOSSILS FROM THE DEVONIAN 

AND SUB-CARBONIFEROUS ROCKS 

OF MISSOURI. 

By K. R. Rowley, Louisiana, Mo. 
ARISTOCRINUS. gen. nov. 
Etymology, aristos, best; krinon, lily. 

Pig. 1. Gteneric diagram. Fig. 2. Aristocnviis concavnsj natural size. 

Diagnosis. — Calyx forms a low cup and together with the 

short, thick arms has comparatively little hight. Basal region 

*Crin. Grotland, p. 45. 
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concave. Underbasals, if present, hidden beneath the upper 
stem joint. Basals five, four of them being equal with acut€ 
angles above, the fifth truncate above. Primary radials three, 
— four in one ray of one example, — by five of unequal size, 
wider than long. Three of the first radials are heptagonal, 
while two are hexagonal. Secondary radials three in number. 
Two arms spring from the bifurcating plate of each secondary 
series of radials, making twenty free arms in all. Arms short 
and rather heavy, made up of single joints folded in or over- 
lapping at the top. Short, strong pinules, apparently along 
the entire length of the arms but more crowded toward the 
ends. No so-called patelloid plates present in any of the 
specimens. A single, large, nine-sided interradial to each 
space except the azygous area. (The type specimen of A, 
concarus, instead of a single plate, has apparently some mi- 
nute accompanying lateral plates which may really be frac- 
tured parts of the large plate.) The anal or azygous area is 
filled by three irregular plates accompanied by one or two 
smaller ones to the right and above. No appearance of an 
anal tube or proboscis. A single small, rounded, axillary 
plate rests between the first and second radial plates of the 
secondary series. Column moderately large, round and com- 
posed of even thin joints. Central perforation rather small. 

This fossil occurs in the Hamilton beds of Callaway Co., Mo. 

Type, Arisfocriniig coticavus (Rowley). The type specimen 
was first described by the author in the American Geologist* 
under the name Taxocrinutf coftvavtfif. Afterward other fea- 
tures were brought to light by the use of the knife, and in the 
same journalf other illustrations followed and the near rela- 
tion of this crinoid to Onychocriiufif was pointed out. Further 
study has led to the belief that it does not naturally belong to 
any known genus, and we have accordingly create a new 
generic term for its reception. It is evidently close to Tajto- 
vn'mts, from which it differs in the shape of the calyx, the en- 
tire absence of the minute plates above the interradials and 
the possession of pinuhe, ditfering in this latter respect from- 
all known ichthvocrinoids. In general outline Aristrocrinu^ 
diriVrs much from (htychttcriun,\\ but, in the possession of pin — 

♦Vol. XII. p. .'{(U, Nov.. 1891^. 
tVol. XIII, p. 153, March, 18C^. 
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ulse, reminds one of that genus with its short arms given otf 
bjr the free rays. In case the name Aristocrinus should prove 
to be preoccupied our genus could be changed to Callaway- 
c^inus, 

ALLAGECRINUSAMERICANUS, sp. nov. 

Pig. 3. Lateral view of the body. Fig. 4. Ventral aspect of the 
isu-gest specimen in the collection, greatly magnified. Figs. 5 to 10. 
C>ther and smaller specimens very greatly enlarged, showing additional 
^^aturea. 

Crinoid minute. Calyx conical. Basals form a low rounded 
c^tip. Number unknown, as the suture lines are not visible 
vender a hand glass. Radials five, elongate, each with one or 
"fc^vo distinct articular facets above for the attachment of arms. 
IThese scars directed upward but not noticeably outward. 
Tins unknown. The dome or ventral surface composed ap- 
larently of three single pieces, though the depressions around 
lie vault suggest five. The left upper corner of one of the 
^adials in several of the larger specimens meets the edge of 
• he adjacent radial below the right upper corner of that plate 
ind at first sight suggests an accidental break, but this may 
"K-epresent the anal area of other Paleozoic crinoids. The larger 
specimens with this feature present have scars for the attach- 
X3ient of nine arms, while the smaller examples have but five 
:ffacet8. A few thin round joints of a column have been ob- 
«served attached to some of the specimens, and small, round 
^tems are common in the clay. Plates apparently smooth. 
I^ost of the specimens are highly calcified so that features are 
:inade out with diflSculty. The collection contains over three 
liundred specimens of all sizes, from those almost microscopic 
'to those one-sixteenth by one-thirtieth of an inch, all posses- 
sing the vault in place. 

Obtained from the clay partings between the two lower 
layers of the Lithographic or Louisiana limestone at the base 
of the Kinderhook group, Louisiana, Mo. The discovery of 
these little crinoids was made while washing clay for small 
brachiopods. 

All the specimens collected correspond very closely with 
those figured by Dr. Carpenter as the young of A, ausfini, but 
nothing like his mature form has come under our observation 
and we are convinced that our larger specimens are adults. 
This little crinoid is especially interesting, both because it is 
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the second species of the genus from American rocks and all 
from its close relation to the only European species ; mor 
over it is from a much lower horizon than Mr. Wachsmutb 
A. earpen/eri, 

6RANAT0CRINUS (ScMzoblutuil) MAGMIBASIS, ip. nw. 
Figs. 11 to 13. Lateral, Tentral and dorsal views of the type apecime: 
natural siie. Fig. H. lateral view ot a larg^e distorted specimen, na 
ural size. 

Body subglobose. Interradial areas greatly depressed » 
that the ambulacra and the bounding margins of theradial< 
fork pieces below stand out as five flattened ridges when tk 
specimen is viewed from the base. Top of the body slightl 
sunken, so that it appears truncate above on a side viev 
That part of the base occupied by the column flattened. Basi 
plates form a very large pentagon, visible on a side view t 
the base is quite convex. The ambulacra do notestend to tt 
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basal plates. The edges of the radial pieces and basal plates 
at their union form a slender double ridge, quite noticeable. 
The radi{il plates extend upward almost to the flattened top. 
Interradials occupy a space at the top larger than the area 
occupied by the basal plates at the other end. A slightly ele- 
vated double ridge follows the radio-interradial sutures, but 
no such elevation can be seen along the sunken radial sutures. 
Fine granular lines parallel to the ambulacra ornament the 
radial plates. The edges of the radials at the ambulacra are 
bent so abruptly upward as to appear to be bounded below by 
a suture. The ambulacra occupy less than three- fourths of 
the hight of the body, are very narrow with numerous i)ore 
pieces either side of the mesial furrow. The azygous interra- 
dial is little, if any, larger than the other four interradials. 
Anal opening rather large. Ovarian openings eight in number, 
rather small. Central opening uncovered in the specimens. 

This blastoid may belong to Dr. Carpenter's genus Schizo- 
blastus, as it seems to present some outward resemblance to it. 

The collection contains nine specimens preserving the test 
and ten or more fine natural casts, some of which are larger 
than figure 14, all very striking fossils because of the great 
elevation of the ambulacral ridges which are extravagantly 
high above the sunken radials in the largest casts. One onl}' of 
the casts is sub-elliptical in outline, while all the others 
eagre with the specimens figured, and all have a more or less 
distorted appearance, hardly accidental. 

Collected from the upper Burlington limestone and the 
cherts of that horizon, just above the AcfiiHtcriints srifnltf.s ho- 
rizon and consequently at the very base of the upper Burling- 
ton, in the quarries at Louisiana, Mo. Found associated with 
Schizohlastus sayi^ Physetocn'nu.s rentricosus and other well 
known upper Burlington forms. 

GONIATITES LOUISIANENSIS. sp. nov. 

Fig. 15. The largest specimen found, natural size. Figs. IG to 18. 
Fnlarged views of the same specimen. 

Shell compressed, very small. Umbilicus large and rather 
deep, but the condition of the specimens is such that the inner 
whorls are not visible. Volutions rather slender and rounded 
on the dorsal side. Septa distinct only in a few specimens, 
probably. on account of the pyritized condition of the shells. 
Dorsal lobe long, tongue-shaped and rounded at the end. Dor- 
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8hI saddle hardly as long as the dorsal lobe, but wider, and 
rounded at the extremity. Upper lateral lobe shallow and 
rounded at the end. Lateral saddle shallow, broad and 
rounded. Lower lateral lobe broad, obtuse. Prom the um- 
bilicus to the dorsal side of a volution, thre§ well defined, 
equi-distant furrows extend. Body chamber not present in 
the specimen figured. The average size of the twelve or more 
specimens in the collection is little more than half that of the 
example figured. 

Obtained from the day partings between the lower two 
layers of the Lithographic or Louisiana limestone at Louisi- 
ana, Mo. Compare with Dr. A. WinchelPs (i. pygmwus from the 
Marshall group. 

PLEUROTOMARIA MINIMA, sp. nov. 

¥'\g. 19. Lateral view of a large specimen of the species, greatly mag- 
nified. 

Outline of shell, low trochiform, minute. Volutions pre- 
served rarely more than three, increasing rapidly in size. A 
narrow spiral band quite noticeable around the middle of the 
first volution. Suture well defined. Umbilicus small. Surface 
apparently ornamented by transverse lines, visible only on a 
single specimen. Aperture subcircular. Length and breadth 
of specimens about ecjual. One-seventeenth of an inch in di- 
ameter. 

Collected from the clay parting between the lower two lay- 
ers of the Lithographic or Louisiana limestone at Louisiana^ 
Mo. 

MURCHISONIA (?) PYGM>EA,sp. nov. 

Fig. 20. Lateral view of a specimen greatly magnified. The figured 
specimen preserves six rounded volutions. 

Shell minute, elongate, slender, tapering very gradually. 
Volutions rounded, the lowest being quite as long as the two 
whorls above. Suture well defined. No surface ornamenta- 
tion visible, probably on account of the pyritized condition 
of the specimens, which after all may be but casts. Natural 
size of the figured specimen one-sixteenth by one-fortieth of 
an inch. A rare species. 

Collected from the clay parting between the lower two lay- 
ers of the Louisiana or Lithographic limestone at Louisiana, 
Mo. These shells were obtained while washing the clay for 
young brachiopods and were found associated with Allagecri- 
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nt^ americanu^i^ Pletrrotomarla mlnhita^ Goniatites louisianen- 
sis^ Amboccelia minnfo, Cyrfiaa avHiirostrls^ Orfhothetea lens^ 
Chonetes genicttlatft, ('. ontafa, Spir(fera man'onensis^ Spin'- 
ferinn aciculfftnt, ProducfeUa pyj^idata, Ntfrleospira barrlsi^ 
and other well known Kinderhook species. 

Explanation of Figures. 

Figure 1. Diagram illustrating the arrangement of plates in the body 
and arms of Ariatocriiins, a new genus of erinoids. 

Figure 2. Azygous view of the type specimen of Arinto(*rinuB concaviis 
(Rowley); natural size. 

Figures 3 and 4. Lateral and ventral views of the largest specimen of 
AUagecrinuH americanuH^ sp. nov., greatly magnified. 

Figures 5 and 6. Similar views of a medium sized specimen of the same 
species, highly magnified. 

Figures 7 and 8. Side views of smaller specimens of the same species^ 
greatly enlarged. 

Figure 9. Ventral view of a large specimen of the same species, greatly 
magnified. 

Figure 10. Lateral view of a medium sized specimen of the same spe- 
cies, greatly enlarged. 

Figures 11 to 13. Lateral, ventral and dorsal views of the type specimen 
of GranatocrinuH (Scfiizoblastusf) imigtiilHtitis, sp. nov., natural 
size. 

Fkjure 14. Lateral view of a large distorted specimen of the same spe- 
cies, natural size. 

Figure 15. Lateral view of the largest specimen of Ooniatites lauisia- 
iiensis, sp. nov., natural size. 

Figures 16 to 18. Lateral, dorsal and ventral views of the same speci- 
men, enlarged. 

Fkjure 19. A greatly magnified view of the type* specimen of Pleuroto- 
iiiaria minima^ sp. nov. 

Fi(;uRE 20. Murchisoiiui ? pygma'a, sp. nov. Type specimen, greatly 
magnified. 

THE ELECTIVE SYSTEM AS ADOPTED IN THE 

MICHIGAN MINING SCHOOL. 

By M. E. Wadswobth, Director, Houfrhton, Michigun, 

In this country two systems have been chiefly followed in 
the higher educational institutions, — the fixed and the elect- 
ive. The latter was introduced first in this country by Pres- 
ident Wayland, of Brown University, and it has since been 
systematized and developed with remarkable skill and success 
by President Eliot, of Harvard. Indeed, the system has 
proved to be so well adapted to the nec^ds of modern times 
and to be so popular that it has made its way in the face of 
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a strenuous opposition, until all or nearly all of our colleges 
and universities have employed it for their work in general 
or literary and scientific education. 

In technical or engineering education the case has been 
diflPerent, since even those schools, like Harvard, Stanford, or 
the University of Michigan, which have a most liberal elective 
Bystem for general education, have still only a partially mod- 
ified form of the rigid system in the engineering and tech- 
nical courses. The rigid system is disguised in most institu- 
tions in their technical work under the head of election 
between various fixed courses, which may or may not have a 
few options, or it masquerades under an elective dress, to 
which it has but little, if any, right. 

The elective s^'^stem proper in any of the higher institutions 
giving general education has consisted .of two features : 
first, the essential studies; second, the sequence of studies. 
The first is composed of those studies which are considered 
in each institution as necessar}'- or essential to maintain the 
scholarship or traditions of the school in question, and in 
engineering schools, not even excepting that at Harvard, the 
required or essential studies to-day constitute the chief amount 
of the entire course in anj^ of the engineering branches. In 
the case of general or literary education, the number of studies 
that are considered essential usuallj' rapidly diminishes ac- 
cording to the experience and number of the facult}'' until only 
a few studies are required: and in time this feature will be 
fully eliminated. 

Regarding the second, or *' the sequence of studies," but 
little public attention is called to it in any statements relating 
to electives in any institution, although it is the keynote of 
them all. No school can maintain any elective system or any 
work above a kindergarten or primary grade, without care- 
fully considering the question of the natural sequences. It is 
the unwritten law, that no student can take calculus who has 
not previously prepared himself in algebra, nor can he study 
petrography witliout any knowledge of mineralogy. 

All the catalogues of the advanced schools show that they 
tacitly recognize the law of sequence of studies with greater 
or less fullness, but I do not know of any which call attention 
to the fact, except the recent prospectus of the Michigan Min- 
ing School. 
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In truth, the greatest curses, that beset any system of elect- 
ives, are the neglect of proper sequences in the studies and the 
tendency of various instructors to bid for students, by giving 
weak and inferior (technically known as soft) courses. This 
last, like many of the other ills of educational institutions, 
can be partially, if not entirely, removed, by placing the charge 
of the instruction under one experienced executive head, which 
head is to be held strictlv accountable for the success of the 
work, and is to be given absolute control over all the instruct- 
ors, with power to discharge them if they do not properly per- 
form their functions. In other words, there should be intro- 
duced into our schools more of the business methods of suc- 
cessful business houses, — the direct respcmsibility for,and power 
of the individual over, everything placed under his charge. 

The Michigan Mining School has attempted to apply the 
methods in use in the elective systems employed for general or 
literary instruction to technical or engineering education, so 
far as the school's province of training men to assist in the 
development of the mineral wealth of the country will enable 
it to do. In accomplishing this it has tried to reduce to a min- 
imum all studies to be taken by every student, to conserve the 
sequence, and to obtain thorough work by the business method 
of individual resp<msibility. 

The only studies required of all the pupils here are "ele- 
mentary geology*' and the **elementary principles of mining," 
— these are asked for because it is believed that in any insti- 
tution dealing with the problems relating to the mineral 
wealth the pupil should have some knowledge of geology and 
of mining methods, and also because the director (who in this 
case happens to be in charge of the geological instruction) 
desires to come into personal contact with every pupil in the 
school early in his course. The above mentioned studies re- 
quire altogether the pupil's presence in the class room only 
three times a week for thirt^'-four weeks. 

Outside of the elementary geology and mining the student 
is allowed unrestricted freedom of choice in his studies, the 
same as he is in the literary, but not in the engineering, work 
of Harvard, Michigan or in any other of our universities. 

Emphasis is here placed upon the almost absolute freedom 
of choice at the Michigan Mining School because many have 
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miBtaken the natural '^sequence of studies'' for **required 
studies." This error happens because in the prospectus of 
the elective system issued last Ma}- special attention was called 
to the natural sequences in cheniistr}', metallurgy, mechanical, 
electrical and mining engineering, ore-dressing and geology, 
provided any student wished to obtain every particle of in- 
struction that is given in the school in any of the subject* 
named. These outline schemes are merely signs showing the 
student some of the numerous ways of reaching the upi)er 
rooms of the house, but he has absolute freedom to use any of 
the other numerous wa3"s that might just as well have been 
pointed out. Owing to the fact that in the usual discissions 
of elective systems, the natural sequence of studies is not dwelt 
upon, it was expected that these guiding lines would be mis- 
taken for required courses by man}' readers, although it was 
thought the error was sutHcientl}' guarded against in the 
prospectus on i)ages 11, 13, 14 and 25. The precaution seems 
not to have been entirely successful, since a friendly hand in 
a friendly journal* has penned the following: "Students are 
allowed to select one of several courses with a certain princi- 
pal subject, and in each course certain studies are required 
and the rest are elective. The school thus allows greater free- 
dom in the selection of studies than do most mining schools." 
This friend has entirely misapprehended the facts, as the 
statements made above show. The freedom of choice is not 
only greater than that allowed in all other mining schools, 
but, so far as the present writer is aware, also greater than 
that in all other technical or engineering schools whatsoever. 
Although tliis is the tirst time this general freedom has ever 
been allowed in any engineering school, the problem seemed to 
be so fully solved, so far as the special conditions of this in- 
stitution are concerned, that when it was brought before the 
faculty and the board of control it passed both bodies without 
a single objection. The ostensible working of the system does 
not go into full etiect until September 16th of this y^ear, yet 
the choi<*e of electives has already been made: and the pas- 
sage of all the students from a rigid system to an elective one 
has been accomplished without any hitch or difilculty, but also 
with the pupils' unanimous approval. 

♦American Oeouxust, 1895, vol. xvi, p. l.'JO. 
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^ courses in operation up to the time of eoiumeneement, 
AiA^^vset 16th of this year, are two exceedingly rigid ones. The 
reqi^ ^>-a i red work demanded of the student from seven to ten 
ho'i^^- xr«3 a day, five days a week for forty-tive weeks a year, and 
foiir ^liree or four years (according to which course was taken) 
in 'fclrne class room, laboratory, field, mine or mill, while his 
da- i I ^^ preparatory work had to be attended to in outside time. 
WiA^*f:Mi it is considered that all students, both special and reg- 
nlefc :k"^ have been transferred, not onlv without trouble but with 
ge xzm. ^^ :i*al satisfaction from one system to the other, the success 
s^e^ jrxzM. 8 almost phenomenal. 

~^ML mrK. the elective system of the Michigan Mining School the 
uim. it of work is taken as three hours a week in the class room 
or :»■:*. ine hours a week in the laboratory for thirty-four weeks, 
»i^ <ii this amount of work is called a course or a full course, 
'W'l'^ S E ^3 any subject scheduled in the prospectus for less time 
IS "t «^. Icen for its proportionate part of a full course. The stu- 
^^ ^"^ 'fc^ to obtain the degree of Bachelor of Science, must complete 
^^f-^w-M. teen full courses, and to obtain that of Mining Engineer, 
r:^ty-two full courses, which in both cases include the sub- 
fc=» of elementary geology and mining. 

"^3v^ing to the fact that the regular work in the Michigan 
-^-* *"^^ ^ng School extends through forty-five weeks of the year, a 
1^ student can obtain his degree in three or four years, de- 
lving ilpon the question of whether he remains during the 
■^re forty-five weeks each year or for only the first thirty- 
- weeks, or, also, whether he wishes his course to be largely 
:Tactical or theoretical work. 

"% the present time this institution has announced sixty- 

^iiferent subjects or studies from which the pupil can 

e up his eighteen or twenty-two full courses, only one of 

^ full courses being of required work. In a required sys- 

of study the pupil can be carried over all the subjects that 

^rience considers necessary for the successful prosecution 

is future profession, but this is always done at the expense 

Aioroughness, and it pays no, or but little attention to the 

^^ viduality of every student or to the rapidly increasing 

*^^25ialization of work in every subject. It gains breadth, but 

at the expense of depth. 

an elective system the individuality of the student, the 
dalization of work in modern times and the limitations of 
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huniun capacity are all considered. It loses in breadth, but it 
gains in the greater interest and consequently greater depth 
of the work done. 

Much can be said in favor of both systems, as the writer 
knows from long experience with both; but there is one point 
that ought to be the controlling factor in every engineering 
school in deciding what it will do for the future. If the signs 
of the times and the history of education are read aright this 
is true and certain, that whether we like the elective principle 
or not, whether we are willing to adopt it or not, every engi- 
neering or technical school in the land must and will adopt 
it in its entirety, sooner or later, or else perish. It needs no 
Daniel to read the handwriting all over our walls. 



ROCK HILL, LONG ISLAND, N. Y. 

By John Rstson, EaMtport, L. I. 
(Plate XII.) 

Rock hill derives its name from a huge boulder which 
crowns the summit of the ridge — the terminal moraine of 
geologists — about two miles north of the village of Eastport, 
on the Great South bay. 

The boulder, though less than half its original size, is still 
a very respectable erratic, as may be seen by the picture ac- 
companying this paper. It is a block of feldspathic granite, 
and the present measurement is about 50 by 20 feet. Judg- 
ing from the size of the hole, which is partially seen to the 
left of the rock in the picture, from which the rock has been 
quarried, it must have been originally more than 125 by 20 
feet. A good deal also has been blasted from the face of the 
boulder; one of the drill holes is visible at the feet of the 
figure on the top of the erratic. 

Although exposed to the bhists from the ocean and the 
weathering of many centuries, some faint lines of glacial 
strije can still be detected on the upp<»r surface of this erratic 
block. 

The moraine at this point is very fluviatile in character, 
only a few inches of loam covering the water-worn material, 
mostly quartz pebbles. It would seem at first as if the huge 
boulder had been dropped by tloating ice, but a study of all 
the phenomena connected with it hardly permits this inter- 
[)retation. It is not reasonable to suppose that icebergs would 
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have unloaded all their burden along the line of the ter- 
minal moraine, as no erratics of any size are found on the 
southern plain. Some of the advocates of floating ice have 
suggested that bergs would naturally become stranded on the 
higher elevations ; and the absence of boulders between the 
two moraines seems to give weight to this suggestion, but as 
all the erratics have come from the north, why is it that the 
V)ergs which carried them did not become stranded on the 
northern moraine, the more elevated of the two? It is true 
that the boulders are more abundant on the north side of the 
island, but that some of them escaped gives us reason to sup- 
pose that a few would have been carried beyond the southern 
ridge, if floating ice was the means of transportation. That 
none were deposited in the valley between remains a mystery, 
no matter what theory we adopt ; but the phenomenon is not 
peculiar to Long Island alone, as it has been noted in other 
glacial regions. 

On the west end of the island, boulders, as a general thing, 
lie scattered in the valleys as well as on the ridges. It is only 
when we enter the Peconic depression, about opposite Port 
Jetferson, that the absence of boulders becomes conspicuous. 
This fact has led some glacialists to believe that the two 
ridges, separated by the Peconic valley, represent two distinct 
ice-sheets, but the present writer, after several years of care- 
ful study, can see no evidence of more than one. The con- 
nection of old river channels, with their effect on the whole 
contour of the island, precludes the dual theory; for that the 
streams flowing under the ice-sheet and advancing with it 
from the mainland had a great influence, not only in forming 
the valleys, but in giving shape to the hills, there can be no 
question, as I have tried to show in ray paper on *'The IJps 
and Downs of Long Island."* 

The fact has been noted that opposite to the bay depres- 
f«ions, on the north side of the island, the terminal moraine 
becomes more broken and the glacial detritus is washed out 
in front of it and shaped into hummocky ridges or kames. To 
the north of Rock hill, on the sound, is the Wading river in- 
dentation, which cuts through the northern moraine, and the 
old glacial channels can be traced into the ponds and marshes 
of the Peconic valley. 
♦Am. Geologist, vol. xv, pp. 188 102, March, 1895. 
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It may be, as Prof. James* I). Dana has somewhere sug- 
gested, that some of the boulders lie buried in the bottom of 
these ponds and marsh lands: but this is very doubtful, as 
erratics are absent on the higher intervening porti(ms of land, 
at least so far as I have been able to observe. I have been 
over the ground on foot several times, and between Manor and 
Wading River, a distance of six miles, not a single large er- 
ratic was seen. 

The island at this point is nearly fourteen miles in width. 
On leaving Eastport on the south you pass across a plain of 
stratified sand and gravel, covered with brush and stunt-ed 
pines. About two miles this side of Manor, which is halfway 
between Eastport and Wading River, erratic blocks become 
quite plentiful, especially along the railroad track ; and they 
grow larger and more abundant until the Manor station is 
reached. North of this, as you near the Peconic river, the 
boulders begin to disappear again, until the second moraine is 
reached about a mile and a half this side of the village of 
Wading River. The journey is ver}' tiresome, as the road is 
a bed of loose white sand, with here and there a patch of clay 
and coarse gravel. The valley, however, consists chiefly of 
ponds and marshy depr(»ssions, as already stated. 

From the terminus of the Port Jelferson branch of the Long 
Island railroad t(» the sound the hillsides are covered with 
huge boulders, nearly all from the same parent rock as the 
Rock hill erratic. Some of them doubtless contain more cubic 
feet, but none of them are so impressive in appearance. 

It would be interesting to know if any of these large boul- 
ders were dropped in the bottom of this part of the sounds 
which is nearl}' opposite to New Haven, Conn. If none could 
be found, it wr)uld show that the boulders must have been dift- 
tributed along certain lines or loops. 

During my visits to Wading River I could detect no trap- 
rock blocks among the boulders; but they are found about 
two miles east of this point, and also on the southern moraine 
east of R(»ck hill, on the Culverton road. 

The old channels of the Wading river depression unite, and 
seemingly (Mul, with the Peconic river: but during the glacial 
doods the streams must have ])(»net rated the terminal moraine 
at and in the vidnitv of Manor, tor we tind the old channels 
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Indenting the ridge in many places. The Manor branch of 
the Long Island railroad runs through one of these waterways, 
>¥ith only a slight gradient from north to south. Very little 
cutting or filling in had to be done along this part of the 
route. We find that most of the old roads crossing the island 
run through these natural depressions in the terminal moraine. 

It would never be suspected, perhaps, that this break in the 
ridge at Manor had anything to do in forming the river chan- 
nel which is crossed by the south side railroad between Cen- 
ter and East Moriches ; yet there is no doubt that a former 
connection existed. The writer has lately followed this de- 
pression up from the railroad to the ridge, and was surprised 
to find it uniting with other old channels that branch out from 
the Manor pass. 

Where these breaks occur in the ridge the morainic material 
is generally pushed farther southward, especially between the 
arms of the old watercourses. Thus we find Rock hill coming 
down to within three miles of the bay, so that the boulder can 
be seen from the railroad at Eastport, if one knows where to 
look for it. 

To the right of the picture can be seen one of the old river 
channels that broke through the moraine at this point when 
the glacial streams prevailed. Standing on the ridge by the 
boulder, one can see the course of the natural depression cross- 
ing the frontal plain to the Little Setuck river where it enters 
the bay. North of the Manor branch of the railroad where it 
unites with the main line, the channel is perfectly dry. South 
of it the water begins to percolate through the sand, and the 
swamp and marsh lands of the south side begin. A noteworthy 
kame is here developed and is referred to in ''The Ups and 
Downs of Long Island," already mentioned. 

The main branch of the Setuck river is crossed by the rail- 
road a little farther east, and the original swamp lands, from 
which it had its rise, are covered with a beautiful sheet of 
water at Tuthill's mill. The old channel, however, of which 
the chart of the U. S. (.-oast Survey fails to give any proper 
idea, has been followed up by the writer through a tangled 
mass of brush to a large basin-shaped depression known as 
^'Terrell's Hole." The channel becomes perfectly dry about a 
mile north of the railroad, and so is the kettle-hole depression : 
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yet no doubt h ^laeial Htreani at one time plunged into it, and 
the Eastport and Riverhead road seems to follow the old line 
of drainage. 

On the north side of the moraine there is a beautiful sheet 
of water known as Great pond, nearly as large as lake Ron- 
konkoma and similar in origin. This pond and Terrell's Hole 
were doubtless at one time connected. How this connection 
could have taken place without a change of level we are at 
present unable to explain, but there is no evidence of oscilla- 
tion, at least since the Ice age. It would seem as if the ma- 
terial was taken out of Terrell's Hole and dumped on the 
ridge near by to form Osborn's hill, which is said to be 293 
feet above sea level. 

It is a peculiar geographical feature of the island that the 
highest elevations rise along the line of these old watercourses. 
Dr. F. J. H. Merrill, in his paper on the "Geology of Long Is- 
land,'' has noted this fact, although he fails, we think, to un- 
derstand its true significance. After referring to some of the 
higher hills, he says : *'From these instances it will be seen 
that the areas of high elevation bear a very marked geograph- 
ical relation to the deep indentations of the coast. That this 
relation is due to glacial action seems more than probable, 
and it can scarcely be an accidental coincidence that the 
highest hills on the island should be in line with the deepest 
bays on the northern coast and that the course of these bays 
should coincide with that of the glacier."* Dr. Merrill thinks 
that he sees in this phenomenon a confirmation of his ice-lobe 
theory, that is, he holds that the bay indentations have been 
plowed out by projecting spurs of ice, and that the higher ele- 
vations referred to are the result of lateral thrusts. A careful 
study of all the drift phenomena on the island will hardly 
bear out this interpretation. The present writer, in previous 
papers in the American Geologist and other publications, has 
tried to show that not only the principal morainic ridges, but 
also the kames and the so-called sea beaches along the south- 
ern coast of the island were affected by glacial currents. On 
the beach opposite Eastport and Moriches the pebbles washed 
out by the waves of the sea are the same in character as those 
we find in the banks along the Long Island railroad, or on the 

♦Annals of the New York Academy of Science, vol. iii, p. 380, Nov. 7. 

1884. 
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Hummit of Rock hill, and they must have been brought there 
V)y rivers flowing from the mainland. I find a confirmation of 
this in a recent English publication, where a writer says: 
^* Where pebbly beaches or cobble bars exist on ocean shores^ 
they are generally near or at the debouchement of ancient or 
modern channels."* 

The view from Rock hill is extensive and very beautiful. 
The Great South bay, with its fringe of beach and the ocean 
"beyond, presents a delightful picture. In a clear day Fire 
Island lighthouse, nearly thirty miles away, can be discerned 
with the unaided eye. The vast frontal plain, with its wil- 
derness of tangled brush, stretches out on either hand as far 
^s the eye can see, giving a wild grandeur to the scene. To- 
ward the east the moraine sweeps with a graceful curve to the 
Shinnecock range, whose brown hills are seen in the distance. 
Behind us the undulating ground tells of walls of ice and riv- 
ers of water, when the Ice King had sway ; and on the crest 
of the huge boulder were written certain still legible lines of 
the history of his powerful reign. 



GEOLOGICAL SOCIETY AND AMERICAN ASSOCI- 
ATION MEETINGS. 

By Warren Upham, (i'leveland, Ohio. 

Geological Society of America. 

The seventh summer meeting of the Geological Society of 
America was held in Springfield, Muss., on Tuesday and 
Wednesday, August 27th and 28th, 1895, under the presidency 
of Prof. N. S. Shaler, with an attendance of about fort}^ fel- 
lows and friends of the Society. The meeting was in the 
beautiful new building of the Art Museum, then used for the 
first time. Dr. William Rice, secretary of the Library Asso- 
ciation of Springfield, gave a cordial address of welcome. Me- 
morial mention was made of Profs. James I). Dana and Henry 
B. Nason, fellows of the Society who have died since the last 
meeting; and biographic sketches commemorative of their 
work will be presented at the winter meeting. Eleven new 
fellows were announced as elected bv the recent vote of the 
Society, namely, S. Prentiss Baldwin, Cleveland, Ohio, (). C. 
Farrington, Chicago, 111., G. P. Grimsley, Columbus, Ohio, F. 
P. Gulliver, Norwich, Conn., J. B. Hatcher, Princeton, N. J.. 
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Edward B. Mathews, Baltimore, Md., John C. Merriam, Berke- 
ley, Cal., H. B. V. Nitze, Baltimore, Md., F. L. Ransome, Berke- 
ley, Cal., Charles Sehuehert, Washington, D. C, and Joseph 
A. Tatf, Washington, I). C. Philadelphia is to be the place 
of the next meeting, during the Christmas holida^^s. 

Previous to this session, ah excursion of a week's duration 
was taken, beginning at Pittsfield, Mass., and passing Hins- 
dale, Great Barrington, Mt. Washington, Mt. Race, Bear 
mountain, Salisbury, Canaan, Middlefield, Chester, Greenfield, 
Turner's Falls and Bernardston, all in Massachus.^ts, to South 
Vernon, Vt., under the leadership of Profs. B. K. Emerson 
and W. H. Hobbs. Sixteen fellows and invited friends par- 
ticipated in this most enjoyable observation and study of the 
metamorphic rocks and Triassic area of western Massachu- 
setts and the Connecticut valley, namely, George H. Barton, 
Boston, Mass., Miss Florence Bascom, Bryn Mawr, Pa., A. C. 
Boyden, Bridgewater, Mass., W. B. Clark, Baltimore, Md., 
Miss Charlotte F. Emerson, Amherst, Mass., (). C. Farrington, 
Chicago, 111., C. H. Hitchcock, Hanover, N. H., F. J. H. Mer- 
rill, Albany, N. Y., William Orr, Jr., Springfield, Mass., Chas. 
Palache, Berkeley, Cal., Joseph H. Perry, Worcester, Mass.. 
William North Rice, Middleton, Conn., Miss Smith, Framing- 
ham, Mass., C. R. Van Hise, Madison, Wis., Lewis G. W>st- 
gate, Evunston, III., and Albert A. Wright, Oberlin, Ohio. The 
party traveled, as convenience dictated, by railroad, by livery 
carriages, and much afoot, to the localities where the contacts 
of different rock formations, faults and dynamic metamor- 
phism could be best seen. The rich and varying development 
of secondary minerals along the lines of contact and disturb- 
ance was beautifully illustrated. The weather was perfect 
the whole time, with cool nights and mostly mild and clear 
days, having neither rain nor excessive heat.' Admiration of 
the visiting geologists was freely expressed for the large area 
of complex crystalline rocks which during the past several 
years Prof. Emerson has mapped in detail for the U. S. Geo- 
logical Survey, going afoot over all parts of a tract of about 
5,000 square miles. 

For notes of this excursion and of the meetings of this So- 
ciety and the Associatior>, aiding much in the preparation of 
the present report, the American Geologist is indebted to 
Profs. A. A. Wright, I. C. White, J. F. Kemp (in his article on 
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the Geological Society meeting, in Science, vol. ii, pp. 277- 
283, Sept. 6th), and to numerous authors who Jiave kindly 
supplied abstracts of their papers. 

Nineteen papers were presented bsfore the Geological Soci- 
ety, but in several instances the authors were absent and their 
papers were therefore read only by title, for securing an early 
adjournment Wednesday noon. The following afternoon was 
spent in an excursion by thirty-seven fellows and their friends, 
with Prof. Emerson as guide, to Mt. Holyoke, to see contacts 
of the trap and sandstone and other features of the Triassic 
series. These papers in their order on the program, were as 
follows : 

On the Glacial Deposits of southwestern Alberta, in the vicinity of 
ilie Rocky mountains, George M. Dawson and R. G. McConnell, 
Ottawa, Canada. (Read by title.) This paper presents the facts ob- 
tained during a recent examination of the glacial deposits of a portion 
<it the southwestern part of the Canadian Great Plains, in the foot-hills 
sod along the base of the Rocky mountains, where phenomena of par- 
ticular interest are displayed in connection with the relations of the 
western and eastern drift (Cordilleran and Laurentide). A brief sum- 
mary of previous observations is followed by a description of sections 
«long two main lines of approach to the mountains at relatively low 
levels and by an examination of the conditions surrounding the glacial 
deposits at the highest levels, found in the form of terraces with rolled 
chingle at 5,300 feet on the Porcupine hills. In conclusion, the observed 
^facts are briefly discussed, attention being practically confined to this 
l)articular region. [An article on the glacial drift of the same district 
l)y the same authors appears in the last number of the Journal of Greol- 
^)gy (vol. Ill, pp. 507-511, July-Aug., 1895), in which the Kansan, lowan 
^nd Wisconsin glacial formations are recognized in Alberta and Assini- 
l)oia, while for a still earlier till of western or Cordilleran derivation, 
'with the associated Saskatchewan gravels, the name Albertan forma- 
tion is proposed. The Kansan and lowan till deposits of this region 
l)ear testimony, by the interblending of western and eastern drift, that 
"the Cordilleran and Laurentide ice-sheets then became confluent along 
"the east side of the Rocky mountains.] 

The Champlmn Gldcial Epoch. C. H. Hitchcock, Hanover, N. H. 
The term Chaniplain was first applied by the author in 1861 to the ma- 
rine deposits and associated fluviatile sands resting upon the glacial 
^Irift in the Champlain and St. Lawrence basins. Fifteen years earlier 
C B. Adams pointed out the distinction which has become embodied 
in the terms Leda clay and Saxicava sand. These deposits contain 240 
«pecies of fossils in the St. Lawrence valley, nearly all of which are iden- 
tical with forms now living off the Labrador coast. The same is true 
likewise of the 121 species catalogued from the corresponding deposits 
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at Portland, Maine. The preglacial southern limit of this boreal fauna 
seems to have. been a little north of Boston; but its presence later was 
indicated also at Nantucket Island, in the upper shell bed of Sankaty 
Head, where the summer temperature was fifteen degrees (Fahr.) colder 
than in the lower beds. 

Northern areas were depressed more than those toward the south, the 
vertical extent of the Champlain subsidence, below the present altitude, 
having been 50 to 75 feet near New York city, 300 to 400 feet in Vermont 
and 560 feet at Montreal. This leads to the belief that the stratified 
clays in the valleys of our northern rivers, like the Connecticut, were 
deposited during this epoch; and the occurrence of Arctic plants in 
them strengthens this view. At the same time the Laurentide, White, 
Green and Adirondack mountains were covered by local glaciers which 
sent bergs into the enlarged gulf of St. Lawrence, giving to it a severely 
cold climate. Ice floes and bergs from Arctic regions must also have 
entered the Champlain sea, as many of the smaller bergs borne south- 
ward by the Labrador current do now; but far more abundantly than 
at present, because of the greater depth of the water in the Strait of 
Belle Isle. 

Marine submergence is suggested for all the area of the great Lauren- 
tian lakes, as far as to lake Superior and Minnesota, by the presence 
there of still living maritime plants, fish, and Crustacea. These plants 
and animals appear to require the former presence of the ocean to ac- 
count for their geographic distribution. The glacial conditions of the 
Champlain epoch would correspond to the history of the Canadian Ice 
Age, as that is presented by Sir William Dawson, who asks only for lo- 
cal glaciers, moderate submergence in the St. Lawrence basin, and an 
Arctic current, to explain all the phenomena which he has observed. 
Hence the advocates respectively of icebergs and of land ice as the chief 
agency of formation of the drift may harmonize their views by conced- 
ing, each to the other, an additional cold epoch. By doubling the Ice 
Age, each side can retain its own pet theory and yet allow its opponent 
the same privilege. 

The occurrence of 55 species of temperate fossil shells in the till of 
drumlins near Boston proves the existence of a mild preglacial climate 
and of an ensuing ice-sheet extensive enough to pile up the largest of 
our grand moraines and drumlins, probably amassing these marginal 
and submarginal drift deposits during the Champlain epoch. 

The Mecklenburgian st€ige in the Glacial period, as described by Grei- 
kie for Europe, has the following points in common with the Champlain 
epoch in America: first, marine fossiliferous clays, with Arctic mol- 
lusca; second, fiuviatile clays, with leaves of Arctic plants; and third, 
the deformations of the earth's crust which have been studied by De 
Greer both in Sweden and North America. If the Mecklenburgian stage 
is necessarily the equivalent of the Wisconsin, the moraines of all the 
northern United States and Canada may be referable to the Champlain 
epoch of land depression and consequent departure of the ice-sheet, 
which was represented finally by many local glaciers. 
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Much discussion followed this paper. Prof. White had wanted still 
water, as of the Champlain submergence^, to explain the terraces of the 
Monongahela valley. Prof. Kemp cited the barrenness of the clays in 
the Hudson valley as to all organic remains, excepting a few diatoms, 
and remarked that the variety of fossils is small in the Champlain val- 
ley. Prof. J. W. Spenceb called attention to the moderate elevation of 
the Laurentide mountains, so-called, tnd noted other topographic fea- 
tures of the St. Lawrence basin. Prof. Davis said that a criterion of a 
marine terrace would be steady uniformity of level, not varying with 
the inclination of the stream, and that the Pennsylvania and West Vir- 
ginia terraces are thereby shown to be of fluvial instead of marine ori- 
gin. President Shaleb suggested that the lack of fossils might be 
caused by the decay of organic matter in the clays, which would develop 
gases and destroy them. Prof. Hitchcock, in closing the discussion, 
said it was hard for him to understand why the Hudson valley and that 
of lake Champlain are not more alike in this respect, since no high bar- 
rier separated them. The view taken by Upham gives to the land about 
the mouth of the Hudson even a somewhat higher altitude throughout 
the Champlain epoch than now, so that a glacial lake in the Hudson 
and Champlain valleys outflowed there to the ocean; but he thinks that 
the Hudson valley had become much uplifted northward from the 
Champlain depression before the continuing glacial retreat admitted 
the sea to the St. Lawrence and Champlain valleys. 

DrunUins and Marginal Moraines of Ice-sheets, Warren Upham, 
Cleveland, Ohio. (Read by title.) Field studies of drumlins in New 
Hampshire, northeastern Massachusetts and New York, and of mar- 
ginal moraines in New England, Long Island, Minnesota, Iowa, the 
Dakotas, and Manitoba, supply explanations of their origin from previ- 
ously englacial drift. The drumlins are shown to have been amassed 
from a sheet of till which had become superglacial by ablation, but 
which afterward by glacial overflow became enclosed in the ice-sheet 
and finally was heaped in these oval or more elongated smooth hills 
of subglacial till. The moraines are referred to pauses in the Cham- 
plain recession of the ice -sheet, when its currents were accelerated by 
steeper gradients and much warmer climate than during the earlier 
stages of ice accumulation and maximum glaciation. Both in North 
America and Europe the marginal moraines and drumlins are attribu- 
ted chiefly to the Champlain epoch, that is, the short and definite 
closing part of the Ice age. 

The Olacial Oenesee lakes. H. L. Fairchild, Rochester N. Y. The 
direction, inclination and extent of the Grenesee valley made possible the 
production, during the retreat of the ice-sheet, of a succession of glacial 
lakes with different outlets. The paper described, with the aid of a map, 
(1) the present topography and hydrography of the valley, (2) the an- 
cient drainage channels, (3) the complex lacustrine phenomena. Ten 
stages in the gradual uncovering of this area from the ice-sheet were 
traced, of which the eighth, with beaches and deltas at 900 to 910 feet 
above the sea, was regarded as the time of the glacial lake Warren; the 
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ninth was that of glacial lake Iroquois; and the tenth is the present 
time. 

This paper was discussed by I. C. White, N. S. Shaler, J. W. 
Spencer, W. M. Davis, and H. S. Williams. 

The Geology of Old Hampshire county in Massachusetts, B. K. Em- 
erson, Amherst, Mass. Twenty minutes were first given to a descrip- 
tion, with detailed maps, of the crystalline rocks which form the west- 
ern and eastern borders of the Connecticut valley, in which Springfield 
is situated, for the use of the members of the Society on excursions in 
the vicinity. 

Again, twenty minutes were occupied in a description of the Triassic 
strata of this valley and the history of their origin, involving the filling 
of the basin with sands and gravels, the outflow of trap and the erup- 
tion of ashes, closing with the formation of a series of small volcanic 
cones, and followed by the upfolding and erosion of the whole. This 
part of the paper was illustrated by maps and models. 

Lastly, in the third twenty minutes of the hour, the Glacial and Post- 
glacial history of the region was reviewed, with exhibition of detailed 
maps of the glacial lakes and river courses antedating and following the 
formation of the great series of lakes which occupied the present Ck>n- 
necticut river valley, and maps of the later terraces formed in the old 
lake beds. The way in which the alluvial plains are made up of con- 
fluent islands was explained; and attention was directed to the distinc- 
tion between filled and unfilled lakes, the old Springfield lake having 
become filled, while the Hadley lake remained unfilled. The further 
facts were noted that tributaries run down directly across the old bot- 
tom of unfilled lakes, but when they come upon the broad terrace fiat 
or meadow there appears a marked repulsion of the tributary from the 
main stream, so that they flow parallel with each other for long dis- 
tances, after which the affluent flnally turns and enters the trunk river 
at right angles. This was explained by the formation of islands in the 
main stream oflf the mouth of the tributury, so that the latter had to 
flow around the islands down stream one after another, thus running 
parallel a long way before reaching its mouth. 

The many oxbows and big bends of the Connecticut, and of its tribu- 
taries, across the bottom of unfilled lakes, were adduced as indications 
of the influence of the earth's rotation. 

Notes on the Relations of Lower Members of the Coastal Plain Series 
in Sonth Carolina, N. H. Darton, Washington, D. C. (Read by 
title.) The formations below the Eocene buhrstone, which* were in- 
cluded in the Eocene by Tucmey, have been found to be Potomac. 
Some of their features and their relations to the marine Cretaceous are 
described. 

Re snm4 of general St rat igraphic Relations in the Atlantic Coastal 
Plain from Neir Jersey to Sonth Carolina. N. H. Darton. (Read by 
title.) A series of sections was announced to accompany this paper, 
showing the distribution and variations of the principal coastal plain 
formations. 
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Cretaceous Plants from Martha's Vineyard. Results obtained from 
<in examination of the material collected by David White in 18H9. Ar- 
thur HoLLiCK, New Brighton, N. Y. At the Nev York meeting of this 
Ijociety in December, 1889, Mr. David White read a paper on this sub- 
ject which was published in abstract in the proceedings of that meet- 
ing. Mr. White subsequently published a more extended account in 
the American Journal of Science for February, 1893, and figured a few 
of the specimens which were most readily to be identified as Cretaceous 
species. These papers were based upon material collected by him and 
Mr. Lester F. Ward during the summer of 1889. Their object was prin- 
<jipally to demonstrate the occurrence of Cretaceous strata in that is- 
land, hence only sufficient material for that purpose was utilized. 
During the present year all the material which was collected has been 
turned over to Mr. Hollick for examination and report, in addition to 
which are a few specimens which he collected in 1893. All these col- 
lections indicate a flora parallel with that of the Amboy clays in New 
Jersey. The fossil leaves are found in concretionary sandstones which 
occur with the clays of Martha's Vineyard in somewhat uncertain rela- 
tions; so that it is very desirable, if possible, to obtain such fossils also 
in the clays. The difficulty of preserving the leaf impressions hitherto 
found in the clays has prevented their study. 

On the Eocene Fauna of the Middle Atlantic Slope. William B. 

Clark, Baltimore, Md. According to the author's studies, the Eocene 

fossils of New Jersey and the country southward to North Carolina 

should not be referred, as formerly has been done, to one, or a part of 

one, of the seven divisions of the Eocene based on the Gulf localities. 

The glauconitic beds were of slow but continuous growth, not burdened 

with detritus, and 200 feet of this greensand formation may easily be 

the time equivalent of 2,000 feet of Gulf deposits. Prof. Clark has 

found 120 species of fossils instead of the previously known 25, and they 

generally range well through the whole of the series from bottom to top, 

tliough some are characteristically lower or upper. They agree well 

With those found in both the Lignitic and the Claiborne beds, at least; 

Hud many of them probably endured through the entire Eocene period. 

Arrangement and Development of Plates in the Melonitidco. R. T. 
J^ACKSON and T. A. Jaooar, Cambridge, Mass. This paper consisted 
in a statement of the arrangement of the plates in these spheroidal ech- 
itioderms, and especially of the way in which new rows of plates are in- 
troduced and die out. Whereas it had formerly been supposed that in 
t;lie interambulacral areas new rows of plates originate near either iK)le, 
«tiid spread meridionally, meeting in the equator. Dr. Jackson showed 
"tbat new rows originate near the oral pole only, often in a heptagonal 
K^late, the rest of the plates being six-sided; that the rows are extended 
toward the genital plates at the aboral pole, where the crowding of the 
I>lates gives them an irregular arrangement; and that new rows are in- 
troduced alternately upon the right and left sides of the interambulac- 
i"al area, beginning near the oral pole and near the central meridian of 
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an interambulacral space. The two boundary rows of an interambulac- 
ral area are derived from the two initial plates of that area which be- 
long to the peristomial ring; while the intermediate meridional rows up 
to the number of six (the total number af rows thus being eight) (origi- 
nate in the place and manner here described. 

Prof. Alpheus Hyatt commented on this paper, that it is a yery val- 
uable contribution to the lif6 history of the fasii{,y and the class, and 
also to the general subject of evolution. 

On Asbestos and Asbestiform Minerals. Gborob P. Merbiix, Wash- 
ington, D. C. (Read by title.) The author treats of the compositi<m, 
mode of occurrence and mineralogical nature of the various minerals 
commercially grouped under the name of asbestos, and attempts to ex- 
plain their fibrous structure as due to abnormal elongation of the min- 
eral parallel to the vertical axis, the individual fibers being in part at 
least bounded by prismatic faces, that is, by the planes of easiest cleav- 
age. The primary cause of this elongation is believed to be mainly dy- 
namical, a result of shearing and other earth movements such as are 
productive of uralitic hornblendes, schistosity, or even platy structure 
and slickensided surfaces where actual fracturing takes place. 

Pre-Cambrian Volcanoes in southern Wisconsin. Wiixiam H. 
HoBBS, Madison, Wis. A preliminary report on a group of isolated 
areas of igneous rocks which protrude through the Potsdam sandstone 
in the valley of the Fox river, Wisconsin. Some of these areas repre- 
sent local outflows of rhyolitic lava which exhibits superb examples of 
spherulitic, perlitic, fluxion, and breccial structures. The originally 
glassy ground mass of these rocks has become devitrified — hence they 
are apo-rhyolites, and they have been subjected to dynamic metamor- 
phism and subsequent infiltration of silica. They are intruded by dikes 
of both basic and acid rocks. (Specimens and photographs of sections 
were exhibited.) 

A Geological Sketch of the Sierra Tlayacac, in the State of Morelos^ 
Mexico. A. Capen Gill, Ithaca, N. Y. The Sierra Tlayacac, some 
six miles long, situated on the south side of the great fault-line des> 
cribed by Felix and Lenk, consists of a projecting group of mountain 
tops in the midst of the Morelos plain. The plain is formed by the lava 
streams and ejectamenta of Popocatepetl or neighboring volcanic vents. 
The tops of the nearly submerged mountains show that the folding and 
elevation of the Cretaceous (Caprina?) limestone was accompanied or 
followed by the deposition of a limestone conglomerate, in the pebbles 
of which are also Caprina (?) fossils. Absence of pebbles derived from 
eruptive rocks indicates that the volcanic activity of the region was 
subsequent to extensive folding and erosion. 

The limestone agglomerate is overlain by an acid eruptive, and both 
rocks are cut by numerous quartz-pyroxene dikes which show a close 
''consanguinity" with the recent extrusions of Popocatepetl. The very 
striking metamorphism produced by these dikes corroborates the view 
that there is little, if any, migration of material from the intruded mass 
into the metamorphosed rock. 
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Heated water and steam would appear to be the principal agents of 
metamorphism, rather than heat alone, since the great distance to 
which recrystallization has reached seems dependent on the porous 
eJuitxuiter of the rock before alteration. Garnet, yesuvianite, wollaston- 
ite and pyroxene are among the minerals developed, and large crystals 
have been found at a distance of several hundred feet from the contact. 

Prof. EicBBSoir, in discussion, complimented the author on his having 
modestly refrained from proposing new names for these eruptive rocks. 

Syenite-gneiss (leopard rock) from the Apatite Region of Ottawa 
county^ Canada. C. H. Gordon, Beloit, Wis. (Read by title.) The 
rock here described appeared in the exhibit of the Canadian Geological 
Survey, at the World's Fair, under the title of ''Concretionary Vein- 
stone," from the apatite region. It consists of irregular ellipsoidal or 
ovoid masses of feldspar, with some quartz, separated by narrow, an- 
astomosing bands of interstitial material consisting chiefly of green pyr- 
oxene. The ellipsoidal masses are of all sizes up to two or three inches 
in cross section and several inches long. The field study at High Rock 
mine, Ottawa county, shows the rock to occur in dikes intersecting the 
pyroxenites and quartzites. In some places the rock is very coarse, 
with no indications of the ellipsoidal structure, while in others it is a 
distinctly banded gneiss whose identity with the ellipsoidal rock is evi- 
dent from the anastomosing of the augite bands on a cross fracture face. 
Ordinarily the rock has very little quartz and corresponds to a pyrox- 
ene-syenite, but in some places the quartz is much more abundant, thus 
allying it to the pyroxene-granites. In view of its gneissic structure and 
usually sparing amount of quartz, the rock is here referred to generally 
as syenite-gneiss, though grading locally into forms which may more 
fittingly be regarded as granite-gneiss. 

The presence of a distinct gneissic microstructure, taken in connec- 
tion with other facts, appears to establish the conclusion that the pecu- 
liar ellipsoidal structure is due to orographic forces acting upon a 
coarsely crystallized rock in which the principal constituents (feldspar 
and pyroxene) are more or less irregularly distributed. The breaking 
of the rock under pressure has been attended by the recrystallization of 
the augite and other constituents along the original fracture planes, 
which were probably, in part, determined by the arrangement of the 
two chief constituents. 

The points of interest brought out in the study are: (1) that this pe- 
culiar distribution of the pyroxene is due to dynamic processes, (2) the 
importance to be attached to the process of solution and recrystalliza- 
tion in the formation of gneisses, (3) the significance of the original 
character of the rock with reference to the product derived from it by 
dynamic processes, and the differences resulting from variations in the 
extent to which it has been affected by orographic agencies, and (4) the 
evidence showing the derivation of a gneiss out of a s>'enite, and estab- 
lishing the term syenite-gneiss as the name of a distinct rock type. 

The Titaniferous Iron Ores of the Adirondacks, J. F. Kemp, New 
York City. The paper opened with a brief statement of the characters 
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of the two kinds of iroo ore? whi(^ are afforded bj the region* the mer- 
chantable maiCDetites and the titaniferoua. The former are in gneiaaea; 
the latter in the gabbroa and anorthoaitea of the Xoriaa, whi^^ are be- 
lieved to be intruded through the gneiases. A liat of localities of the 
titaniferoua orea waa given and the diatinction waa made between the 
Hmaller hxidiea which are, ao far aa can be aeen, baaic developmenta of 
gabbro, and the enonnoiia ore bodiea at the old Adirondack Iron Worka 
in the heart of the mountaina. These latter are in massive anorthosite, 
which ia almost entirely formed of large, blue-black crystala of labra- 
dorite. The largest ore body, which is the one crossing Lake Sanford, 
contains numerous included labradorite crystals, each of which is sur- 
rounded by a reaction rim 5-10 mm. across. It is further noted that the 
wall rcx^ks show no signs of the widespread crushing that ia exhibited 
in the general '* mortar-structure** of the Adirondack and Canadian an- 
orthosites, but are plutonic rocks, free from evidences of dynamic met- 
amorphism. The arg^ument is then made that the ores are segregations 
from an igneous magma formed during the process of cooling and crys- 
tallization. In conclusion the speaker gave some notes on recent at- 
tempts to utilize the titaniferoua ores that bid fair to be successful. 

In discussion, Prof. \ks Hibe mentioned the similar bodies of titanif- 
eroua ores in the gabbros of lake Superior, adding, however, that there 
had be(;n some infiltration of iron oxide since their formation. 

Tlie Decomposition of Rocks in Brazil, J. C. Brannkr, Stanford . 
University, Cal. The deep decay of rocks in Brazil is notorious, though 
but few observations have been published on the subject. The present 
paijer embraces the results of the author*s observations made during 
the eight y(^ars he lived and traveled in that country, together with the 
HtatementBof other geologists. The evidences of deep rock decay are 
found in railway cuts and tunnels, excavations in hills in Rio de Janeiro 
for buildings and for a reservoir, deep mines in the gold region of Minas 
G(>raeH, in enormous gullies of recent origin, and in numerous landslides. 
Many instances of decomposition to a depth of more than 100 feet are 
kn<iwn, and in some of the old gold mines the rocks are soft to a depth 
of niorv than .T-K) feet. This decomposition seems to be widespread, 
though not universal, in Brazil. 

Kxfoliati<jn is a common feature, and is not confined to boulders; 
inasHive nn^k hills and mountains exfoliate in the same way astheboul- 
clerH of decomposition. Some of the peculiarities of the topography in 
the ^^ranite and gneiss regions are due to this method of decomposition. 
Talus Hlop(*fl are very rare. Massive rocks sometimes weather into flu- 
led HurfaccH, having: 8t(»ep-8ided trenches and ravines that run straight 
down th(» rock faces. 

The chic^f nn^chanieal agency promoting rock decay is change of tem- 
I>er{iture within ii range of about lOO'^ F'ahr. But little direct work is 
(lone hy this agency, and its chief importance lies in the fact that it 
ojx'ns creviccH that admit the chemical agencies of decay, gases, water 
and acids, which destroy the rock rapidly. Color is believed to be of 
Home influence in this connection, jis the black crystalline rocks are sel- 
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aom or never found naturally exposed on account of their more rapid 
absorption of heat. 

Burrowing animals, especially ants and termites, contribute much to 
the chemical agencies of rock decomposition. The soil of Brazil is fairly 
alive with these insects; their burrows penetrate to a depth of ten or 
twelve feet and radiate on all sides. Into these openings they carry 
plant food, and the acids from their decay and from the breath of the 
insects help to hasten the decay of the rocks below. 

Vegetation in the tropics is notoriously abundant ami rank; tJie decay 
of so much organic matter in a hot and moist climate produces large 
quantaties of humus acids that attack the rocks into which they are 
carried by the rains. The amount of carbonic acid carried to the earth 
is calculated from determinations of it in rain water and from the rain^ 
fall in that country. Nitric acid, produced by electric discharges, falls 
in larger quantities in Brazil than in the temperate regions of the earth, 
rhe amount of acid to the litre of water has been determined from di- 
rect observations, and this with the rainfall furnishes the data for de- 
termining the total precipitation of nitric acid. 

The annual rain fall of Brazil ranges from about three feet at Rio de 
Janeiro to seven and a half feet at Manaus on the Amazon, and almost 
twelve feet on the mountain near Santos. This great precipitation is 
not distributed throughout the year as it is in temperate regions, but is 
concentrated for the most part within less than six months. The long 
dry season dries the ground out so that enormous cracks are opened in 
places to depths of ten or fifteen feet. Air circulates freely in these 
openings, and when the rains come organic matter in large quantities is 
washed into the crevices and the acidulated waters reach considerable 
depths very promptly. 

The Bearing of Uniformity on Uniform itarian ism. W. M. Davis, 
Cambridge, Mass. When a theory accounts not only for the^ facts that 
it was made to explain, but as well for a number of facts that were un- 
known at the time of its suggestion, its correctness is doubly confirmed. 
The early British geologists, who proposed to explain the past history of 
the earth by processes of the same order as those in oyieration to-day, 
had the general problems of denudation and deposition in mind, but 
they knew nothing of several special problems of denudation that are 
encountered in the study of rivers. Even Lyell defi'nded the marine 
origin of the cliffs of the Weald in southeastern England. The doctrine 
of uniform itarianism successfully routed the hyjjotheses that explained 
valleys as the work of ocean currents during a time of submergence, or 
as the result of fractures in the earth's crust; but the British school, by 
whom this doctrine was so ably advanced, did not carry it to tx) the ex- 
treme application of accounting for the migration of river divides and 
the associated adjustment of river courses to rock structures. A few 
British writers have touched this problem, but none of them have pene- 
trated it. European and American geologists have the chief credit of 
its solution. 

The deepening of young valleys by the ordinary action of streams is a 
comparatively slow process, and the wasting of valley sides under the 
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attack of weather and water is still slower; but the migration of head- 
water divides by the unequal wasting of their slopes is the slowest of 
all. The occurrence of river arrangements that are indisputably due to 
this excessively slow process of migration is therefore strikingly con- 
firmatory of the doctrine of uniformitarianism. The fundamental prin- 
cipled of uniformitarianism are the postulates of the theory by which 
the spontaneous adjustment of river courses to rock structure is ac- 
counted for. The success that has been reached in explaining this class 
of natural phenomena confirms the correctness of the postulates on 
which the explanation is based. 

Prof. Emrrhon, in discussion, cited instances of the robbing of one 
stream's headwaters by another in the relations of the Housatonic and 
Connecticut divides in western Massachusetts; and President Shaler 
spoke of the influence of continental tilting in bringing about such 
changes of drainage. 

Analysis of Foldn. C. R. Van Hise, Madison, Wis. As regards 
movement, three zones in the constitution of the earth were cited, 
namely, an outer zone of fracture, an inner of fracture and fiowagc, and 
an interior one of flowage alone. The thickness of the upper zone, which 
is characterized by faults, will vary with the rocks. Quartzite^ and 
limestones, being relatively unyielding, would give the zone great thick- 
ness; but the more yielding shales and schists flow at a small depth. 
Folds are ordinarily considered as simple flexures in two dimensions, 
but in nature folds are compound flexures in three dimensions. The 
analysis of simple folds given by Margerie and Heim was summarized. 
For the sake of simplicity, folds were first treated in two dimensions. A 
composite fold is prcxluccd by the combination of various simple folds. 
Composite folds include lx)th normal composite folds and abnormal com- 
posite folds. The genesis of each was discussed and each was classified 
into upright, inclined, and overturned anticlinoria and synclinoria. 

When composite folds are cross folded, these are called complex folds. 
The character and origin of complex folds were discussed. Rules were 
given for observations in regions which are folded in a complex manner, 
and the use of folds in the discovery of unconformity and the secondary 
changes which accompany folding were summarized. 

Prof. Davis, referring to the three zones, asked whether the sx>eaker 
could estimate from the character of the flowage or fracture, shown by 
an eroded fold, whether much or little original burden of rock had been 
removed; and Prof. Vaw Hise, in reply, stated that he thought it could 
bo done within reasonably wide limits, as within probably two to five 
thousand feet. 

Conditions and Effects of the Expulsion of Gases from the InteHor 
of the tJarth, N. S. Shaler, Cambridge, Mass. The aim of the paper 
was to show that the phenomena of escape of gases from the earth in 
the case of ordinary springs, in the ejections of water which occur in 
earthquakes, and in the explosions which take place in volcanic erup- 
tions, all rest on the same general basis. The column of ascent is deter- 
mined by the formation of bubbles in substantially the same way in 
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^^rhich the action may be seen to take place in any fluid which is charged 
"With carbonic acid. The discussion of the temporary springs termed in 
tlie paper earthquake fountains, or shock fountains, was directed to 
filiow that in these colums of ejection the law of ascent of the gases is 
^asentially the same as that observable where gases pass upwards in 
fluids, a weak line being made by the formation of a bubble which in 
irising induces the formation of other bubbles by diminishing the pres- 
-sure along the line of its ascent. 

Some attention was given to springs formed in the alluvial mud of 

'delta deposits; and it was shown that these springs have had their paths 

of escape determined by the gases which impel the waters upward. This 

^Kras noted as particularly plain in the case of the **mud lump" springs 

ot deltas. 

The main point of the paper was that volcanic outbreaks, being essen- 
tially vapor outbreaks, can be placed in the series with the other groups 
of gas ejections. Observations on an eruption of Vesuvius in 1882 were 
VKsed to show that the exploding vapors escaped in the form of large 
l^ubbles which were segregated from the lava. Reference was also made 
"to the probable influence of this action in the formation of the "chim- 
neys" of ore-bearing veins. 

American Association for the Advancement of Science. 

The American Association for the Advancement of Science 
-ci,lso met in Springfield, Mass., holding its forty-fourth meet- 
ing from Wednesday, August 28th, to the following Wednes- 
day, September 4th, under the presidency of Prof. E. W. Mor- 
ley, of Cleveland, Ohio. The retiring president. Dr. Daniel 
C Brinton, was unexpectedly detained in Europe; but his 
address, "The Aims of Anthropology," was read before a large 
audience on Thursday evening. 

The next evening a public lecture, coniplimentary to the 
-<3itizens of Springfield, was given by Prof. William M. Davis, 
entitled "Geographic Development of the Connecticut Valley," 
^th lantern illustrations. Three chief features or stages of 
^he growth of the New England highlands and this valley 
^ere noted : first, the old mountain ranges worn down ; sec- 
ond, the ''monadnocks" left, as remnants of the former moun- 
tain masses, not wholly worn away; third, the slowly uplifted 
highlands and the streams cutting through them. Narrow 
portions of the valley occur where the material cut down by 
i;he stream is hard, as the trap ridges in some places adjoining 
the Connecticut river ; while elsewhere the valley is broad, 
l>ecause the rocks are soft and worn away easily, as the Tri- 
4i88ic sandstone. Views similar to those along the Connecti- 
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cut were also shown of the part of Germany through which 
the Rhine flows, illustrating how that stream likewise has cut 
down its channel as fast as the highland country has been ele- 
vated. 

On Saturday many members of the Association, braving a 
rain storm, went in an excursion' to Mt. Holyoke Seminary in 
South Hadley, to Amherst College, and to Smith College in 
Northampton. The very extensive ichnological collection and 
other paleontological, mineralogical and geological collections 
of Amherst College were much admired. Another excursion 
was taken on Tuesday by the geologists, under the leadership 
of Profs. \V. M. Davis and Wm. North Rice, to Meriden and 
Southington, Conn., for observaticm of the Triassic sandstone, 
lava flows, faults, and planes of contact with the older crystal- 
line rocks. 

The enrolled att<»ndance of the meeting numbered 367, and 
the list of 188 new members elected brings the total member- 
ship of the Association up to 1.9S0. 

Section E (Geology and Geography) held its sessions in the 
Art Museum, with Major Jed. Hotchkiss, of Staunton, Va., 
vice president, and Prof. J. Perrin Smith, of Palo Alto, Cal., 
secretary. The address of Major Hotchkiss, owing to his late- 
ness of arrival, was deferred to Monday afternoon. It was 
entitled, -^The Geological Survey of Virginia, 1835-1841. Its 
History and Influence in the Advancement of Geologic Sci- 
ence.'' Tile Virginia survey, chiefly by William B. Rogers, 
preceded that of Pennsylvania by the same geologist with his 
brotiier, H(»nry 1). Rogers. Virginia, however, failed to pub- 
lish the work that was done. It still is recorded in the fifty 
note-books, besides maps and files of letters, which are now in 
the possession of Major Hotchkiss; and he is preparing a 
typewritten co))y of all the important parts of this pioneer 
survev. 

For next year. Prof. Kdward I). Co))e was elected president 
of the Association; and, in Section E, Prof. Ben. K. Emerson, 
vice ))resident, and Prof. A. C. Gill, of Itliaca, N. Y., secre- 
tary. Buffalo, N. Y., was chosen as the place of the meeting; 
and, after much discussion, its time was decided to be from 
Monday, August 24th, to Friday, the 28th, so that all the 
reading of papers and business shall come during consecutive 
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-days of a single week, instead of being interrupted, as hereto- 
fore, by the excursions of Saturday and the rest of Sunday. 
Eighteen papers were read in Section E, as follows : 

The Relations of Primary and Secondary Structures in Rocks. C. R. 
Van Hise, Madison, Wis. Cleavage was distinguished from fissility. 
A slate or a schist may have both, and they may be parallel or inclined 
"to each other. The metamorphosed rocks have secondary structure 
imposed uix>n them, whose lamination rarely corresponds with the bed- 
ding. The difficulties of determining the true thickness of such beds 
ifl great, and highly exaggerated estimates have often been made in sec- 
'tions of the ancient crystalline rocks. 

The Archcean and Cambrian rocks of the Green Mountain Range in 
southern Massachusetts. 6. K. Emerson, Amherst, Mass. The main 
purpose of the paper was to bring to the notice of the audience a man- 
xiscript geological map of the south central portion of Massachusetts 
:ft'om the Housatonic valley to the eastern border of Worcester county. 
Ihe author described in some detail several typical outcrops of pre- 
<I!ambrian rocks which lie along the western rim of the Green Mountain 
iDelt as it crosses Massachusetts. 

The Hinsdale area was descrilied as one where the pre-Cambrian rocks 
<z>ccur in crescentic bands. The oldest rock is the Hinsdale gneiss in the 
<2enter, and this is surrounded by the coarse Hinsdale limestone, the 
Xjee gneiss, and the Washington gneiss, in succession. It was shown 
Inow the unequal wear of the pre-Cambrian formations had produced 
"the upper part of the Westford river pass. 

The Tyringham area was described as giving evidence of an old pre- 
C^ambrian land with east to west folds beneath the north to soutfi Green 
fountain folds. Erosion of pre-Cambrian limestones has formed the 
<3eep East Lee valley and the basins of many small lakes. In the Bear 
Fountain-Monterey system of V-shaped overturned anticlines, each fold 
•of a numerous parallel series is bent sharply, so that the front bed may 
\}e compared to the double concave surface of a railroad snow-plow. 

Tracts of crystalline rocks east of the foregoing, with prevailing north 
^ south trend, were briefly characterized, beginning with the pre-Cam- 
l)rian rocks and ending with the Upper Devonian crystallines of Bern- 
^irdston. Attempts are being made toward a correlation of the crystal- 
lines east of the Connecticut river with those on the west. The schists 
of Worcester county, with their abundant granites, were also described, 
^ith indication of their relations to the probable pre-Cambrian area of 
Sutton and Douglas in the southeastern part of this county. The 
opinion was expressed that probably some of the granites on both sides 
of the Connecticut river are of Carboniferous age. 

One interesting special point was the description of the stretched 
<iuartz pebbles in the conglomerate gneisses at Woonsocket, R. I., and 
•elsewhere. Their present dimensions in some cases are 18 by 4 by 2 
inches. 
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Gotham'' s Cave; or Fractured Rocks in northern Vermont, C. H^ 
Hitchcock, Hanover, N. H. This cave, or rather seriea of caves, eritu- 
ated on the west side of Norris hill in Maidstone, Vt., extends about 1,- 
000 feet up and down the slope of the hill in a nearly easterly and wes- 
terly direction. It lies in mica schist and comprises really three distinct 
caverns, marking? the course of a fracture or series of fractures which 
resulted from sudden movements of the earth *s crust under the stress of 
lateral pressure. The caverns probably extend farther and deeper than, 
they have been explored. Many of the passages are closed by fragment - 
al rocks; fissures are numerous and extend in many directions. Several 
of the chambers may be regarded as cross-fractures, the general appear- 
ance of which would seem to indicate that they originated at the same 
time and in the same manner. In almost every case the walls of the pas- 
sages are found to match nearly, but the south side is invariably a foot 
or more lower than the north wall. In the third chamber ice and snow 
may be found in the summer months. This is one of the largest caverns, 
being 16 by 20 feet, and 15 feet deep. From some of these passages 
blasts of air that will blow out a candle flame are constantly issuing. 

Recent Discovery of the Occurrence of marine Cretaceous strata on 
Long Is f and. By Arthur Hollick, New Brighton, N. Y. The marine 
marl beds of the Cretaceous in New Jersey are traced on the north 
shore of Long Island, and thence perhaps they continue northeasterly 
as far as Marshfield, Mass., having a course essentially parallel with the 
general margin of the continent in that region. 

Geological Canals between the Atlantic and Pacific oceans. J. W. 
Spencer, Washington, D. C. In crossing the isthmus of Tehuantepec, 
the first 100 miles south from the gulf of Campeche are found to be a 
plain wliich rises slightly toward the interior. Then come 25 miles of 
mountain land, followed by 25 miles more of plain land to the Pacific 
ocean. The mountain belt is interrupted by two main depressions, 
through one of which CaiJtain Eads proptjsed to build a ship railway^ 
The speaker thought that this country has been and is being slowly 
raised from a marine submergence which reached through these depres- 
sions, forming gravel beds there similar to those of valleys in the northern 
drift-bearing part of the United States. The surface fishes of the gulf 
of Mexico are the same or nearly allied with those of the Pacific in the 
gulf of Tchuantepec: but the deep sea forms differ on the opposite sides 
of the isthmus. 

Geological Notes on the Isles 4ff Shoals. H. C. Hovey, Newburyport, 
Mass. Five of these islands belong to Maine and four to New Hamp- 
shire. Appledore island contains about 1350 acres, and the others are 
smaller. There arc proofs that Star, Malaga and Haley islands, at leasts 
were at one time rapidly elevated. Neptune's Punchbowls, so-called, 
were washed out by the tide daily, but are now eight feet above the 
tides. The rocks are granite, gneiss and mica schist, with frequent trap 
dikes. In many places the dikes, being more readily decomposed than 
the granite through which they extend, have been washed away by the 



Geoloyical Society and A. A, A. 8. Meetings, — Uphara, 249 

waves, leaving very narrow and long channels, sometimes 30 to 40 feet 
deep, through which during storms the sea rushes with great fury. 

Subdivision of the Upper SiluHan in northeast Iowa, Andrbw G. 
Wilson, Hopkinton, Iowa. After a brief review of the literature of the 
subject, this paper gives characteristics for distingtiishing the five fol- 
lowing subdivisions, in descending order: (5) the building stone beds; (4) 
the upper coralline beds; (3) the Pentamerus beds; (2) the lower coral- 
line beds; (1) beds of passage from the Lower Silurian. 

Supplementary notes on the Metamorphic Series of the Shasta re- 
gion of California, J. Perrin Smith, Palo Alto, Cal. This paper gave 
the results of work on the Triassic fossils of the Mt. Shasta region, be- 
yond that which is reported in the Sept. -Oct., 1894, number of the 
Journal of Geology. Fully a hundred species of these fossils are now 
known and each species is profusely represented by specimens. Am- 
monites are especially well represented, and the principal part of the 
paper related to them. In only two other localities of the world are 
marine Triassic faunas known, namely, in the Tyrolese Alps and in the 
Himalayas. In California the Karnic division of the Upper Triassic is 
especially prolific. There are two distinct faunas represented, which 
are usually 100 feet apart vertically, but they are also found in some 
places intermingled, either by means of a survival or of a migration. 

The manner in which the ontogeny and phylogeny of the ammonites 
are wound up together was very interestingly shown. By breaking oflf 
the chambers and outer coils of the shell, successively, the development 
of the individual can be traced from the time when the first nucleus of 
the shell was formed. In applying this process, it was found that the 
^enus under investigation had, in middle life, the characters of a differ- 
ent genus and in earlier life the characters of a still different genus. It 
ie thus possible to arrange a number of genera in phylogenetic order. 
"Xrachyceras and Sirenites, for example, while diverse from each other, 
l^oth run back to a Protrachyceras stage, and this to a Balatonetes 
stage, and this to a Tirolites form, which appears to be the primitive 
^orm for all the others mentioned. 

Recent Elevation of Neiv England. J. W. Spencer, Washington, D. 
C^. The gravel and sand terraces of the river valleys of New England 
^re regarded as not formed by descending rivers, but are so nearly hori- 
zontal that they seem referable to bodies of standing water. The plat- 
forms or flats do not merge from one step to the next and therefore are 
xiot attributed in this paper to formerly higher stages of the rivers, 
which has been their usual explUnation. Instead the successive ter- 
races descend abruptly, like a stairway. Thus a small meadow, near 
the level of the stream, widens out in passing down the valley to a broad 
«nd extensive plain, through which the river channel gradually be- 
^X)mes deeper until the plain abruptly ends by a sudden descent to a 
lower flat, along the sides of which fragments of the upper t)lains con- 
tinue as lateral terraces. In a connected and nearly level series as mead- 
ows, plains and narrow terraces, the same flats may continue even 
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several miles, l>eyond which they are sometimes represented by delta 
remDants farther down the valley from which the terrace remains have 
been removed by erosion. The terrace jjrravel and sand often extend 
mcrosB the country from one valley to another. ' 

Subject to certain corrections, the succession of terraces and flats 
marks the repeated lowerin^^ of the base planes of erosion, or, in other 
words, an intermittent elevation of the land, which has been raised ap- 
proximately as much as the sum of the vertical intervals between the 
terrace planes. These are commonly situated close together, with only 
a few feet or tens of f(»et of elevation between them: but in many local- 
ities several of the steps are so (Combined that the great terraces may be 
from fK) to 250 ft^et alMive the rivers. In the course of a few miles scores 
of terraces may be ascended or descended and counted with certainty. 
At any one locality there are seldom more than four or five lateral ter- 
races distinguishable; but thest* are not identical with the four or five 
observed several miles up or down the valley wherever the slope of the 
stream is considerable. 

Distinct terrace steps occur up to an elevation of 2,700 feet at the 
base of Mt. Washington; and similar gravel and sand continue much 
higher, but without the preservation of the terrace structure upon the 
steep mountain slofies. Such relationship of gravel terraces has been 
observed under so many conditions and over so wide extent of territory' 
that it a[){)ears to l)e the prevailing condition, and not the exception. It 
is nearly everywhere well preserved within the region of the drift, which 
has been the source of supply for the gravel and sand. 

If these deposits, lying as terraces in the valleys and here and there 
expanding into plains even two or three miles or more in width, were 
observed only on the northern and western sides of the high lands, they 
might appear to favor the theory of their formation in glacial lakes. 
But they al8<j occur on the southern and eastern sides of so many moun- 
tain masses as to preclude the idea of their accumulation in glacial 
lakes. Moreover, the author has observed the same structure within a 
few degrees of the equator, occurring there at both low and high alti- 
tudes. He concludes that the mountainous part of New England has 
been recently uplifted at least 2,700 feet. As the valleys had been re- 
c^xcavated out of till, he thinks that the glacial submergence of the re- 
gion equaled this elevation. The magnitude of the movements in the 
coastal regions appe::irs to have been less, but this question is still one 
for future investigaticms. 

Profs. G. F. Wricjht, H. L. Fairchild, and C. H. Hitchcock, in the 
ensuing discuission, distrusted this interpretation of the valley terraces, 
and cit(Hl reasons for doubting any greater uplift than the 300 to 560 
feet above the 8*ia which measure the hight of Champlain marine fos- 
sils in Maine and in the St. Lawrence and Lake Champlain valleys. 

View i)f the lee Afje as tiro Kpoehs, the Giaeial and Champlain, 
Warrf.n Upham, Cleveland, Ohio. The Glacial period or Ice age, is 
found divisible in two parts or epochs, the first or Glacial epoch being 
marked by high elevati(m of the drift -bearing areas and their envelop- 
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ment by vast ice-sheets, and the secdnd or Champlain epoch being dis- 
tinguished by the subsidence of these areas and the departure of the 
ice, with abundant deposition of both glacial and modified drift. Epei- 
rogenic movements, first of great uplift and later of depression, are thus 
regarded as the basis of the two chief time divisions of the Ice age. 
Each of these epochs is further divided in stages, marked in the Glacial 
epoch by fluctuations of the predominant ice accumulation and in the 
Champlain epoch by successively diminishing limits of the waning ice- 
sheet. 

Prof. HiTCKCocK, in discussion, said that his view of the Champlain 
time is that of a cold rather than a mild epoch, judging from the boreal 
character of the fossils. He congratulated the glacialists on the grow- 
ing harmony of their views and the diminishing size of the differences 
which separate them. 

Glacial Phe name imheiivet' II Lake Champlain and Lake George and 
the Hiuhon, G. F. Wrkjht, Oberlin, Ohio. This pai)er gave a detailed 
description of the stratified gravel, sand and clay, and of the till (with 
one conspicuous drumlin), in the valleys crossing the water divides south 
of the two lakes named. Lake George, 225 feet above lake Champlain 
and 325 feet above the sea, is dammed by deposits of glacial and modi- 
fied drift at both ends, and is shallowest at the middle of its length, 
^vhere the Hundred Islands lie. This confirms the conclusion of Mr. S. 
XVentiss Baldwin, based on his field studies of the district three years 
^^o, that the basin of lake Greorge was drained in preglacial times by 
"two streams, one running northerly and the other southerly. The valley 
of the northwardly flowing stream, now filled with drift, lies west of the 
;X>resent outlet and is tracetl to its junction with lake Champlain about 
lialfway between Ticonderoga and Crown Point. 

Delta gravels at Glens Falls, Sandy Hill and Schenectady have an 

elevation of 300 feet, or more, above the sea: but the stratified clays and 

eand of the Hudson valley eastward and southward, and of the divide 

Iwtween lake Champlain and the Hudson, reach only to 180 feet above 

tide. The watershed in the valley south of lake George is estimated to 

"be only 30 or 40 feet above that lake: and the canal from the Hudson 

i-iver to lake Champlain has a summit level of twelve miles only about 

150 feet above the sea. The glacial stria? all l^ear south west ward 

athwart the prevailing course in Vermont and the east edge of New 

York, the difference in direction being probably attributable to local 

«outh westerly defiection during the departure of the ice-sheet. 

Whirl jxmI of Niagara, (i. W. Holley, Ithaca. N. Y. Attention was 
directed to the parallelism of the rivor l)elow the falls with the joints in 
the Niagara limestone, and the author rejected the theory that a drift- 
^lled preglacial channel extends from the Whirlpool to St. David's. 

Prof. Spencer, in discussion, said that he had made excavations upon 
the soft northwestern side of the Whirlpool basin, where the buried 
channel has been supix)8ed to begin, and found rock there up to the 
hight of 190 feet. 
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Distribution of Sharks in the CretacemiH, C. R. Eastman, Cam- 
bridge, Mass. (Read by title.) 

Terminology prrjposed for Description of Pelecypoda, Alphkus Hy- 
att, Cambridge, Mass. This paper states that the so-called hinge of 
bivalves is a general term applicable to the functional part, which as a 
rule is more extensive than the primitive morphic hipge. For the last 
the name cardo is proposed. This occurs in the young of all forms, as 
a rule, in some stage; and it is persistent throughout life in some forms, 
as the Arcidse, most of the Aviculidse, the Ostreidae, and the Pectenidae. 
The cardo is coextensive with the functional hinge in these families and 
some others; but in all the more specialized shells of Pelecypods it is 
confined in the later stages of growth to the central (amphidetic) or pos- 
terior (opisthodetic) part of the functional hinge area. The mode of 
growth of the anterior dorsal part of the shell shoves the anterior arm 
of the cardo toward the beaks and finally carries this nearly to a line 
between them, or even posterior to them in the opisthodetic forms. 
This area may assume either a crescentic or lunate shape, or be heart- 
shaped, sx>ear-shaped,or linear. The boundaries are traced by the bands 
of growth that terminate on the borders of this space: and it is, as a 
rule, completely filled by the morphic ligament. This last is often 
longer than the functional ligament, and the term is applied here to the 
whole of the primitively continuous periostracum of the cardo. These 
are the usual senses in which the terms hinge and ligament have been 
used. Dall has proposed "resilium" for the differentiated internal parts 
of the ligament, but has used that term itself for the functional part 
only of that organ, which is often smaller than the i)erio8tracum. The 
hinge consists then of the cardo, which includes cardinal line and area, 
and also the internal hinge plate and teeth parts developed during the 
evolution of the Pelecypoda, and for these latter the name articnlus is 
proposetl. The cardo is the fixed point of comparison. This is dorsal 
in most Pelecypoda. but may shift to all positions between this and the 
anterior end of the body, as it does in Ostreidw, Aviculida?, Pectenidse, 
and Trigonia. 

It is proposed that, in descriptions of the exterior of bivalves, paleon- 
tologists and conchologists should systeniatically de8cril>e first the cardo, 
next the articulus, both as parts of the hinge, and then take up the 
other areas in succession, beginning at either end of the cardo accord- 
ing to the form, preferably perhaps at the anterior end. The parts an- 
terior to the beaks are in the anterior re{ji(nr. the central or umbonal 
region comprises the median and usually more elevated parts: and the 
posterior region lies behind the beaks in elongate<l shells, but in those 
with an anterior cardo these regions appear to revolve with the bands of 
growth, becoming in the Aviculidas, Pectenida* and Ostreida? quite dis- 
tinct with relation to the beaks. These last and the wings are in the an- 
terior region in these animals, and it becomes necessary to accept differ- 
ent boundaries for the regions. The umbonal elevation is no longer 
transverse but runs antero-posteriorly, and the posterior region occupies 
the opposite pole to the cardo, so that it is questionable whether it is 
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Decessary to distinguish a median region running transversely. The 
terms ventral and dorsal regions can be more accurately limited than 
in the specialized forms with dorsal hinges. These lie on either side of 
a line drawn from the beaks, following the curvature of the growth to 
the points above the terminations of the gills; and this line is very often 
marked, as in other Pelecypods, by a ridge or elevation on the valve. 
The wings, therefore, are not anterior and posterior, as usually de- 
scribed, but are strictly ventral and dorsal wings. 

The term area is used in all subdivisions of regions, and these are of- 
ten well marked by angles or sinuosities in the bands of growth on the 
exteriors and margins of the valves. In the Pholadidse the areas are 
easily distinguishable; but in many shells two or more areas may run 
together and are not distinct, — a fact of the greatest importance in de- 
scribing some shells, since the areas and their blending accurately corres- 
pond to differences in the arrangements and proportions of the parts of 
the internal anatomy. 

For the space from the anterior end of the cardo to the depression 
made by the foot, the name oral area is proposed. The depressions, 
when they occur, are the pedal sinuses on the margins and pedal de- 
gressions on the exterior; and the succeeding elevation becomes the el- 
evation of the pedal area,. This name is open to the objection that there 
is no foot in Ostreidae, and possibly it might be wise to substitute the 
term corporeal area. 

Beyond this area posteriorly comes the branchial area, marked off by 
depressions in the surfaces and sinuses on the margins. This area usu- 
ally corresponds with the umbonal region in all the Pelecypoda, and as 
a rule the axis of greatest growth of the valves lies in this area on ac- 
count of the hypertrophy of the gills, the feeding and breathing organs 
of these animals. The depressions can be described as the branchio- 
_pedal depressions, and the sinuses as the branchio-pedal sinuses. The 
branchial area proper is the space between this and the area occupied 
by the siphons or siphonal openings. 

The siphonal area is sometimes quite distinctly marked off from the 
branchial, and has often, as in the Mactridae, a sharp siphonal crest. It 
would be advisable to restrict the use of some terras, like crest, costae, 
elevation, depression, if this terminology finds favor with anyone, to ra- 
diating structural modifications of the surface, and the terms ridge and 
strisB, like the lines and bands of growth, to markings parallel with the 
latter. The bands of growth usually make an angle in crossing the si- 
phonal area, and sometimes another as they bend dorsad to the poste- 
rior boundary of the cardo. These are the ventral and dorsal angles of 
the siphonal area: and the crest, where it exists, is always made by the 
hypertrophy of the ventral angles. It is often of advantage to distin- 
guish two parts in the siphonal area, the incnrrent or inhalent part 
ventrad of the siphonal angles or crest, and the e.rcnrrent or cloacal 
part dorsad of thia structure. 

The intestinal area occupies the space between the dorsal angle of 
the siphonal area and the posterior termination of the cardo. 
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It will be seen that the term area can be used equally well whether 
the shell is equivalvular or inequivalvular. When shells of the first kind 
are under consideration it is not necessary to speak of the ri^ht side 
of an area; but in the latter of course it becomes important to describe 
both valves minutely, and then the terms right and left areas can be used 
and their different relations accurately noted. 

In applying these terms to shells with anterior hinges and having 
wings some modifications are necessary. In a Pecten or Avicula, for 
instance, the oral area is the ventral wing, and it would be perhaps bet- 
ter to continue to use the term wing. The pedal sinus is the byssal 
notch ^ and there is no reason why this term should not also be contin- 
ued in use, if it is understcxxi that the areas are homologous and these 
terms synonymous* The branchial area in these shells is distinguish- 
able from the siphonal in a number of forms, as has been pointed out to 
the writer by Dr. Jackson. 

A good example of the results likely to follow from the application of 
this or any natural system is found in my cursor}' study of Malleus. 
Taking up this shell simply to see whether this terminologj- would ap- 
ply, I discovered that the so-called wings are not true wings. The true 
wings of the oral area are arrested in growth at the end of the neanic 
(adolescent) stage. In the first of the ephebic (adult) substages the 
ventral margins of the pedal area in both valves become hypertrophic 
and grow out into the long so-called anterior wings. The bands of 
growth may be followed in any shell, sufficiently well preserved to show 
the true wings in the young, as they pass around the byssal notch and 
extend ventrad to build up the great ventral arms that are really spatu- 
late outgrowths of the ventral margins of the jjedal area. 

The Equatorial Counter Currents. W. M. Davis, Cambridge, Mass. 
(Read by title.) 

Interefithig Features in the Surface (ieology of the. Genesee Region. 
H. L. Fairchild, Rochester, N. Y. This was a lecture illustrated with 
lantern slides, chiefiy relating to the Piunacle hills in the southeast 
edge of the city of Rochester, which were described and their mode of 
formation discussed by this author in the last July number of the Am. 
GEOLooirtT (vol. XVI, pp. 39-51, with map). 

Japan. Gardner G. Hubbard, Washington, D. C. (Read by title.) 

Great Falls of the Mohawh at Cohoes, X. Y. W. H. G. Pynchon, 
Hartford, Conn. This paper was illustrated by lantern views. The Co- 
hoes falls have been worn back about seven-eighths of a mile since the 
end of the Ice age, in Hudscjn River slates which dip with a slight in- 
clination down stream. Clear indications of a drift-filled preglacial 
channel are found starting from the Mohawk river about two miles above 
the falls, passing eastward on the north side of the river and opening 
out with a broad mouth into the Hudson valley at Waterford. 

Section E held a joint session with Section H (Anthropol- 
ogy ) on Tuesday afternoon, in which the following pai)er was 
p resented : 
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Account of the Discovery of a Chipited Chert Implement in undin- 
turbed Glacial Ordvel near Stenl>enrille, Ohio. G. F. Wright, Oberlin, 
Ohio. This new evidence of Glacial man consisted of a chert implement 
13^4 inches long and three-fourths of an inch wide, which was found by 
Mr. Sam Huston, of Steubenville, Ohio, in a terrace of placial gravel 
and sand of the Ohio river valley at Brilliant, in southeastern Ohio, 
about eight miles below Steubenville. Mr. Huston is a graduate of the 
scientific department of Washington and Jefferson College, and for 
twenty-five years has been the county surveyor of Jefferson county, 
Ohio, being thus perfectly conversant with all the natural features of 
the region, and especially with the gravel deposits which are extensively 
used in road-making. He has made paleontological collections for 
Profs. Cope and Scudder, and so is well known to scientific men. 

The implement was discovered by Mr. Huston projecting from the 
freshly exposed face of an excavation in the terrace gravel about eight 
feet below the surface and about sixty feet above the Ohio river, and 
was taken out with his own hands. The gravel was fine and the bed- 
ding and cross-bedding above and below were xierfectly distinct and un- 
disturbed, showing that the implement is as old as the deposition of the 
gravel. 

Prof. Wright has visited the place with Mr. Huston and says that no 
one will question that this terrace gravel is of approximately the siime 
age as the gravels at Trenton, N. J., and in the valley of the Somme in 
France, where similar discoveries have been made. These terrace de- 
posits belong to the Champlain epoch of Dana and were formed near 
the close of the Glacial period. There is nothing strange. Prof. Wright 
said, in finding such evidence of men contemporary with the Ice age, for 
it is abundant in France and southern England: while Dr. Abbott's 
numerous discoveries at Trenton, N. J., are of the same age. It is es- 
pecially significant, however, at the present time, because of recent at- 
tempts to challenge all the past reported discoveries in this coimtry. It 
has thus great cumulative force. This is now the third locality in Ohio 
where similar discoveries of the implements of Glacial men have been 
made and well attested by c(mi|x»tent observers; the other two being at 
Madisonville by Dr. C. L. Metz, and Newcomerstown by W. C. Mills. 
Such implements, and artificially chipped fragments from their manufac- 
ture, have l)een also found by Miss Franir E. Babbitt in the glacial 
gravel of the Mississippi river at Little Falls, Minn., and by Mr. J. B. 
Tyrrell of the Canadian (ieological Survey in a beach deposit of th(» gla- 
cial lake Agassiz in Manitoba. Thus more and more clearly it becomes 
evident that the study of the Glacial period is an essential preliminary 
to the study of human history. 

In the ensuing discussion Prof. F. W. Putnam said that the patina 
on this implement certainly indicates great age and that its type,though 
in use up to later times, is a most ancient type which has been kept in 
use because it was permanently adapted to the wants of savage men. 

Mr. F. L. CusHiNH said that the implement is a knife of the oldest 
pattern and that not only is it beyond question a finished implement, 



^56 The American Geoloyiat. October, 1895 

but it had lieen repeatedly re-sharpened, and that not by the more mod- 
em methods of pressure with a bone, but by direct blows upon the 
edge, indicating its great antiquity. 

Prof. J. W. Spencer remarked that this gravel terrace is somewhat 
older than the stratified drift of the Connecticut valley. 

Prof. £. D. Cope noted a close similarity of this implement with stone 
implements found by him in Pleist(x:ene beds in Oregon, and regarded 
them as most allied to Mousterian types. 

Dr. R. G. Haliburton suggested that implements might be deeply 
buried in gravel through the modem washing away and redepositioo of 
the beds: but, in reply to this. Prof. Wright stated that the highest 
modem floods of the Ohio lack some thirty feet vertically of reaching 
the level of this terrace. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Phytogeny of an Acquired Characteristic. By Alpheus Hyatt. 
(Ex. Proc. Am. Phil. Soc., vol.xxxii, no. 143, pp. .349-647, pis. 1-14, Aug., 
1894.) Anything bearing upon the inheritance and phylogeny of an ac- 
quired character is especially interesting in these days of active discus- 
sion upon the same and kindred topics, and the present paper is very 
opportune, since it approaches the subject from a side which is quite 
impossible in ordinary- biologj-. Few besides professor Hyatt can bring 
to bear for this purpose such an extensive knowledge of the development 
and phylogeny of recent and fossil forms of any single class of animals. 
Moreover, the cephalopods offer a wealth of material for the study ol 
ontogeny and phylogeny; their geological history has been long, and a 
vast number of species has been described. The division Tetrabranchi- 
ata, now ranked as a subclass by the author, has furnished the richest 
material and has been made the subject of greatest study. One large 
order, the Nautiloidea, began and culminated in Paleozoic time, while 
the other, the Ammonoidea, began later in the Paleozoic, but culmina- 
ted and went out in the Mesozoic. It is seen, therefore, that an oppor 
tunity is afforded for making parallel correlations in two related orders, 
having much the same general type of form, through widely different 
geological ages. 

In the preliminary discussions professor Hyatt emphasizes the value 
of the shell as an expression of the external form of the animal as giv 
ing what the adult internal soft parts alone cannot, viz., an accurate 
history of the changes and events in the organism from its embryonic 
stages through youth, maturity and old age to the time of its death. Id 
brachiopods, gastropods, pelecypods and cephalopods the embryonic 
«hell is at the apex, around which growth takes place, and, in well-pre 
8«rved specimens, all the subsequent stages may be traced. A farthei 
advantage in the cephalopoda exists in the internal structures, princi 
pally the siphuncle and septa. The former exhibits changes of struc 
ture and position during the life of the animal, and the latter with theii 
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eutures vary with age, thus making, with the external shell, three rec- 
ords of mutations. The value of such material for phylogenetic study 
can be best appreciated in comparison with that obtainable in other 
groups, such 418 the vertebrates. The author says upon this point : 
**How unreasonable' it would seem to a student of fossil Mammalia, if he 
were requested to do what it would be appropriate to require from a 
student of the fossil Cephalopoda, viz., to describe from the investiga- 
tion of a single perfect fossil skeleton of an adult, not only the charac- 
teristics of the skeleton at the stage of growth at which the animal 
died, but the developmental stages of this same skeleton, and in case it 
were the remains of an old, outgrown animal, also, the retrograde meta- 
morphoses through which it had passed during its last stages of decline. 
It might require a life time to make out the stages of a single species of 
mammal satisfactorily from the isolated specimens which would be 
found and the attempt would be hopeless for all the youngest stages of 
growth, while the bones were still cartilaginous. 

*'This kind of evidence, however, is readily obtainable among fossil 
Cephalopoda with relation to the shell and other hard parts as among 
living animals, and it can be obtained in good collections everywhere, 
whether 4n situ* or in museums. Thus it is possible to study the rela- 
tions of these fossil forms very minutely and with the certainty of pos- 
sessing a clue to their true relations, which is rarely obtainable even 
among existing animals. For among these we have only the embryos 
and young of contemporaneous forms and necessarily lose all relations 
of succession in time, unless the investigation embraces a prolonged se- 
ries of experiments or is more or less historical, and even then the facts 
cannot have a very wide chronological range." 

The classification adopted is as follows: Class Cephalopoda, with two 
subclasses; I. Tetrabranchiata, containing the orders Nautiloidea and 
Ammonoidea: II. Dibranchiata, containing the orders Belemnoidea and 
Sepiodea. 

The four orders show a common origin through their development, 
their morphology' and their having a similar embryonic shell, the proto- 
conch. The primitive forms, the nautiloids, gave origin to the di- 
branchs through the gradual modification of the external shell into an 
internal organ. Transitional forms are met with, such as Aulncocera^i 
of the Trias. The development of Loligo, as shown by Lankester, in- 
dicates an enclosure and suppression of the external shell. Such pre- 
dictions are now substantiated by a morphological study covering the 
geological history of the group. 

The author shows that, from a number of old nautiloid stocks, there 
arose successively series of straight, arcuate, gyroceran and involute 
shells, and that the old idea of a gradual progression of similar forms 
through the order as a whole, the arcuate and gyroceran in later peri- 
ods and the involute last, can only be applied to single branches of the 
phylum. From a general view of the order, Barrande showed that there 
Were straight, arcuate and coiled forms appearing all through Paleozoic 
time and considered that this progression of form did not indicate phy- 
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logeny and could not he used to illustrate the evolution of the class. 
These objections are now met. as indieatetl above, by studying devel- 
opment within the families and genera. 

It may be accepted as a law that animals near their |xnnts of origin 
in early geologic time evince marked tendencies toward rapid evolution. 
They found the earth comparatively unoccupied or occupied by infericnr 
animals, and through such conditions favorable to numerical increase 
were forced to migrate in every direction and thus to come in contact with 
and adjust themselves to many ditferent physical surroundings. Similar 
cases of quick evolution of new series and many sjjecies occur in later 
times as well as to-day, whenever a stock finds an unoccupied field. In 
this connection the author instances the well-known Planorbis develop- 
ment in the Steinheim basin and the evolution of the extensive family 
of the Arieti(Ui\ c(msisting of eleven distinct series, arising, culminat- 
ing and ending within the limits of the Ix>wer Lias, Another marked 
case illustrating the same ix^int, which might be mentioned, is the ex- 
treme differentiation of the genus (rutnmtinis, an amphipod from lake 
Baikal, which probably since glacial times has developed from a single 
form one hundred and fifteen s|)ecies. many of them highly ornamented 
and specialized, and together constituting more sjjecies than are known 
elsewhere, although the genus is world wide. 

Before taking up a detailed destrription and discussion of the various 
genera and species of cephaloixxls which furnish professor Hyatt with 
the main jjoints of his argument, he introduces a chapter on the princi- 
ples of bioplastolog>'. or the characteristics of development and decline 
in the life of an individual. This has already been published in part 
elwwhere and reviewed in the Ge()LO(;ist. The terms adopted will be 
found useful in accurately indicating any stage of ontogeny or any kind 
of development and in correlating them with |»eriods of phylogeny. 

A complete application of the ontogenetic stages is then made to the 
shell covered Cephalo|)<Kla. together with definitions of descriptive terms 
for various features and structures. Of these the iniprcased zone is the 
(me to which special attenti<m is called, as it forms the basis for the in- 
vestigation of the inheritance of an acquired characteristic. The im- 
pressed zone is primarily the area (m the dorsum which is flattened, 
convex or indented by the contact of the growing whorl with the venter 
of the already formed whorl of the next inner volution. 

It is shown that the impressed zone is invariably consequent upon 
close coiling, never appearing in ancestral forms in the early stages un- 
less through this agency. It is, therefore, a mechanical and necessary 
result of the pressure of one whorl upon another and must be accepted 
as strictly an ae(|uired character. The influence of tachygenesis, or the 
progressive earlier inheritance of characters, results in the development 
of the impresw^d zone (then called the dorsal furrow) in very young 
shells belonging to later genera, before the whorls come in contact with 
each other. In other words, the genera geologically later than the an- 
cestral forms of the different groups show an impressed zone during 
growth stages before the appearance of the mechanical conditions which 
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originally produced it. From this it would also be expected that the 
impressed zone would persist in old age fonns in which the outer ^hotl 
becomes free from the coil. This is often found to be the'dase, ftd in Eu- 
ryitmnites ketloggi from the Quebec group. It is less noti(!eable i&the 
ammonoids, for many old age foTnis return to the n6rmal cylihdtical 
form of the ttibe soon after the whorls beMme free*. 

The Weissmannian school deny that acquired Characters are inherited, 
but the results of the studies here briefly described fihaw tile Contrary. 
**It is practicable to isolate inherited characters from new' variations 
which have not become fixed in any phylum. It ig also practicable to 
point out characters which are transient in variouft wAys- appearing in 
individuals but not in varieties, in species but dot in gvhera^ iind so on. 
When one has by this system of exclusion arrived at the end of the litft 
he finds that there is no class of characteristics which' may be described 
as non-inheritable. The new variations of any one' horiion Which can 
be isolated from the inherited ones are not distinguil^able'in any way 
from others which occurred previously. Later in 'time* these new varia- 
tions in their turn become incorporated with the yoifloget* stages of de- 
scendants. The transient characters of the zoOn also'do Hot differ in 
any way from others that are inherited in allied species, genera^ etc." 
**A11 characteristics, even those observable in some groups only in old 
age, are found in the adults of other groups and finally in the young of 
the descendents of these, according to the law of tachygenesis. Every- 
thing is inherited or is inheritable, so far as can be judg^ by the be- 
havior of the characteristics." In conclusion: **The«e cumulative re- 
sults favor the theory of tachygenepis [earlier inheritance] and diplo- 
Senesis [acquired and hereditary] and are opposed to the Weissmannian 
hyi^thesis of the subdivision of the body into two essentially distinct 
kinds of plasm, the germplasm, which receives and transmits acquired 
characteristics, and the somataplasm, which, while it is capable of ac- 
quiring modifications, either does not or cannot transmit them to de- 
scendants." 

How much more satisfactory and conclusive are the results obtained 
through the historical study of a character manifestly acquired by me- 
chanical necessity and running through long geological ages than to 
attempt similar results by cutting off the tails of mice and expecting to 
produce a breed of anurous Musi So far as known to the reviewer, pro- 
fessor Hyatt has given the most complete scientific demonstration of 
the inheritance and phytogeny of an acquired character. c. e. b. 

Structure and Appendages of Trinucleua. By C. E. Beecher. (Am. 
Jour. Science, vol. xlix, p. 307, pi. iii, 1895.) Prom the study of a ser- 
ies of specimens of Trinucleus concentricus Eaton, found associated 
with TriarthruB becki Green, in the Utica slate near Rome, N. Y., the 
author shows that, in young conditions, distinct ocular ridges terminat- 
ing in an ocular node are present, though in this species of the genus 
they become atrophied at maturity. This structure brings the genus 
into relationship with Harpes^ whose eyes are ocelli and situated upon 
the fixed cheeks, very distinct from the structure of the visual organ in 
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the schizochroal (Phacops) and holochroal {Asaphua) grouys. The pres- 
ence of appendages upon the segments of the thorax and pygidium is 
established, though those of the former are much obscured by the thick 
fringe of the exopodites. A similar fringe accompanies the exopodites 
of the pygidium, while the endopodites are broad and phyllopodifbrm, if 
less strikingly so than in THarthrus. j. m. c. 

Report on the Coosa Coal Fields with $ections. By A. M. Gibsoiv. 
(Geological Survey of Alabama, 143 pp., one plate. Montgomery, 1886.) 
Alabama in 1893 ranked fifth in coal production in the United States, 
with a total of over five million tons. This tonnage comes from four 
different fields having the following areas as given by state geologist E. 
A. Smith. 

Warrior field: 

Plateau region 2,275 aq. mi. 

Basin region 4,965 sq. mi. 

Lookout mountain 580 aq. mi. 

Cahaba field 436 aq. mi. 

Coosa field 415 aq. mi. 

The Geological Survey of Alabama has devoted a good share of its re- 
sources to an investigation of these coal fields. T. H. Aldrich in 1875 
gave a history of early mining in Alabama, Mr. Squire has reported on 
the Cahaba field, and Mr. McCalley upon the Warrior field as a whole 
(1886) and upon the plateau region alone (1892), and Gibaon has pub- 
lished a report on the Blount county deposits. 

The present report by Mr. Gibson deals with the Coosa field alone. 
This is the smallest of the Alabama fields and contains, according to 
his surveys, some 345 square miles of productive area. It stretches in 
a long narrow belt having an average width of five to six and a length 
of some sixty miles. It lies mainly in St. Clair and Shelby counties 
with a slight prolongation into Cahun. The field is a narrow synclinal 
valley bordered by high marginal mountain rims and is in addition, as a 
result of transverse faults, traversed by numerous mountain ridges 
which give it a verj' rugged topography. The Coosa field is divided in 
eight basins : the Ragland, Fairview, Coal City, Black Ankle, Kelley's 
Creek, Howard, Peavine Greek, and Yellow Leaf; each of which is con- 
sidered in detail. The principal development so far has taken place in 
the Ragland and Coal City areas. It was from the former that the Con- 
federate ordnance works at Selma drew their supplies. The beds are 
not thick, but run regularly and seem to be of considerable uniformity. 
The coals are of gootl quality, free burning, low in sulphur and well 
adapted to steam and grate use. The Coal City and Ragland seams 
furnish an especially good quality of coke. At the latter place the coke 
is made from the fine coal after being washed. 

In the report a large nimil>er of workable beds are noted and, while 
the present peculiar economic conditions confine the active work of min- 
ing to two iK)int8 only, in the future an important development may be 
confidently expected. H. F. B. 
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The Origin of the Arkansas Novaculites* By L, S. Gbiswold. (Proc. 
Boston Soc. Nat. Hist., vol. 26, pp. 414-421. Author's edition, Feb. 9, 
1806.) In the Quarterly Journal of the Geological Society of London, 
Aug., 1894, Mr. Frank Rutley brought forward arguments to show that 
the novaculites of Arkansas were siliceous replacements of dolomite or 
of dolomitic limestone beds. (His paper, **0n the Origin of certain No- 
Taculites and Quartzites,'' was reviewed in the American Geolooist, 
vol. 14, p. 253, Oct., 1894.) This explanation of the origin of the novac- 
ulites is at variance with that adopted by Mr. Griswold, who had made 
a careful examination of and a report on these peculiar rocks (Annual 
Beport of the Geological Survey of Arkansas for 1893, vol. 3). In the 
present i>aper Mr. Griswold defends his theory of the formation of these 
novaculites, maintaining that they are simple, fine grained, siliceous 
sediments mechanically deposited, i. e., that they are sandstones of very 
:fine grain. He does not regard the presence of irregularly rhomb- 
shaped cavities, once probably filled with some carbonate (dolomite), as 
evidence that the whole rock has been derived from a dolomite, by sili- 
<;eous replacement, and he argues that the novaculite is not composed 
of chalcedonic silica as thought by Mr. Rutley. u. s. o. 

Ueber palceozoische Faunen aus Asia und Nordafrika. By F. 
IFrech. (Neues Jahrb. ftlr Mineral., etc. Jahrg. 1895, Bd. 2, Heft. 1, 
pp. 47-67.) This paper contains interesting paleontologic news from 
i^arious remote corners of the world, the facts having been brought to- 
gether, as the author states, in pursuance of his plan for the completion 
of F. Roemer's '^Lethasa Palseozoica." From the Lunschau, a moun- 
tain near Nanking, China, are described fossils from the lower Ordovi- 
<nan, A»aphu8, Endoceras duplex, Raphistoma sinense, sp. nov., etc. 
IFrom the province of Schantung in north China and from the Yang-tse 
Sn middle China is a well defined Carboniferous limestone fauna with a 
variety of characteristic species. The province of Kiang-su also affords 
«i few Permian species, and the upper faunas of this formation, with 
<jfastrioceras and Paraceltites, have been found near Ning-kwo-hsien, in 
"the province of Nganhwei. Persia, in the vicinity of lake Ooromiah, 
burnishes Carboniferous species, Productus, Spirifer striattig, Syringo- 
^hyris, etc., and from Schaku Tschalkhune certain species of probable 
X'ermian age. An upper Devonian brachiopod fauna is reported in this 
'Vicinity, with Spiinfer dinjunctus, S. anossofiy Atrypa concent rica, 
-Jthynchonella pugnusy Orthis striatulaj Orthothetcs umbraculunij Pha- 
^ops latifronSj etc. 

Devonian brachiopods were described by Beyrich in 1852 from the 
Sammada, near Murzuk in Tripoli. These, three in number, are re- 
'▼iewed by the author and two of them are shown to represent the genus 
JLiorhynchuH and the third a well known Chemung species, Spirifer 
'9He8aco8talis. j. m. c. 

Folds and Faults in Pennsylvania Anthracite Beds. By Benjamin 
tSMrrH Ltman, (Trans. Amer. Inst. Min. Eng., Atlanta meeting, 1895, 
X^p. 1-43.) The author gives thirty-three plates containing 177 highly 
interesting and instructive sections, prepared from cross-section sheets 



262 The American Geologist October. v» 

of the PfeniiBylvaiiia Survey. All are in a N. W.-S. E. direction and are 
viewed from the aouth. H. D. Rogers held it to be a general law lor 
eastern Pennsylvania that northwesterly dips are steeper than the 
southeasterly odob, Air. layman concludes, from the study of these sec- 
tions, that ''steep northerly dips in the Pennsylvania anthracite region 
are much less prevalent than was formerly supposed; that nearly half 
of the basins and saddles are about symmetrical; * * * that the sub- 
ordinate folds throughout the region are confined to subordinate groups 
of beds of inferior finnness, and are not parallel to the main folds, but 
probably at uniform profile-distances from the main axes, so as to de- 
scend the fiank of a sinking anticlinal. Further, that the faults are al- 
most invariably longitudinal or reversed faults, occasioned by the over- 
straining of subordinate folds." J. m. c. 

Directions far Oolleeting and Preparing Fossils. By Charles 
ScHUCBSBT. (Bull. U. S. Nat. Mus., no. 39, part K, pp. 1-31, 1895.) The 
paleobioldgist of to-day is making such exactions of the collector and 
has raised to such a fine art the preparation of fossils that concise sug- 
gestions such as Mr. Schuchert has here brought together from his own 
and others* experience will be found of general usefulness. The best 
collector is the one who collects as much by faith as by sight, and the 
most skUlful preparateur he who adapts his methods to the nature of 
his subject. J. m. c. 

On a New Trilobite from Arkansas Latter Coal Measures. By A. W. 
VoGDES. (Proc. California Acad. Sci., ser. 2. vol. rv, p. 589, 1895.) 
Describes Orifflthides arnata as a new species, from Conway county, 
Ark. Its similarity to G. scitulay Meek Sc Worthen and O, cliftanensis^ 
Shumard, is pointed out and the suggestion made that all may prove 
referable to Shumard 's species. J. m. c. 

.4 Supplement ta the Bibliography of the Palaeozoic Crustacea. By 
A. W. VooDES. (Proc. California Ac^d. of Sci., ser. 2, vol. v, pp. 55- 
76, 1895.) Gives 141 titles of papers published since 1893 or omitted 
from the author's larger work of that date. It is an important addition 
to that very useful compilation. J. m. c. 

Tables for the Determiiiation of Common Minerals, chiefly by their 
physical profiertieH, with confii^natory chemical tests. By W. O. Crosby, 
AsbH Prof, of structural and economic geology in the Massachusetts 
Institute of Technology. (106 pp.; third edition, rewritten and enlarged; 
Boston, 1805, published by the author. Price, $1.25.) In these tables 
the author has endeavored to do away with, as far as is possible, elabo- 
rate chemical tests in the determination of minerals. The more obvious 
physical properties are used as the chief means of determination, the 
general classification being based entirely on physical characters. In 
this classification the minerals are divided into two great classes, metal- 
lic and non metallic, according to their luster. Under each of these 
classics are five subclasses, distinguishetl according to the color in the 
metallic and according to the color of the streak in the non-metallic. 
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""The species of each subclass are further divided into four groups ac- 
<xn^ing to their hardness, being classed as very soft, soft, hard and very 
liard. The method of determination or the **key'* is analogous to that 
used in analytical botany, and the author aims to show that the com- 
mon minerals can be determined with the same ease and accuracy as 
'the common plants. Under each species is given a number of physical 
characters and finally one or more confirmatory chemical tests. Only 
«]i)out two hundred of the more common minerals are included in the 
tables, but there is a supplementary table that includes one hundred 
«of the less common minerals which are occasionally encountered by the 
indent. As these tables are comparatively simple and as they require 
but little chemical knowledge and but. a small amount of api>aratus, 
it would seem that they are especially well adapted to the general 
uses of schools, colleges and private students. u. s. o. 

A Contribution to the Mineralogy of Wisconsin. By William Hbr- 
BEST HoBBS. (Bull. Univ. of Wis., sci. ser., vol. 1, no. 4, pp. 109-156, 
7>l8. 4-8; June, 1885.) This i>aper is devoted largely to the crystallogra- 
l)hy of Wisponsin minerals and seems to be the first description of the 
<U7stallQgraphic features of the minerals of that state. The specimens 
measured and figured come from three sources: (1) the pre-Silurian 
rocks; (2) the cavities of the Gkilena limestone in southern Wisconsin: 
<3) the Hamilton cement rock at Milwaukee. A large number of care- 
ful measurements were made; this work brought out some interesting 
results, among which was the determination of several hitherto unde- 
iscribed forms, as follows: two on quartz, three on calcite, one on cerus- 
fiite, one on sphalerite and four on azurite. Anglesite has been reported 
several times from southern Wisconsin, but the specimens examined 
prove to be selenite. 

A few pages are devoted to ''diamonds from the drift." The main 
^acts concerning these have been already presented by Dr. Hobbs in the 
Amebican Geologist (vol. xiv,.pp. 31-35, July, 1891). u. s. o. 
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CORRESPONDENCE. 



The International Congress of Geologists: — A Correction. 
Without in anywise wishing to call in question the general statements 
of the article by Dr. Persifor Frazer in No. 4, volume XIV, of tlie Amer- 
ican Geologist, entitled **The Sixth Session of the International Con- 
gress of Geologists/' still I must ask you to place before your readers 
the following corrections of the statements which affect me personally 
in the above mentioned article. 

On pages 266-267: The prize awarded to me in Bologna amounted to 
2,000 francs, not 1,100. I did not ask Prof. Capellini "shortly afterward'* 
to loan me my manuscript for a while, but this was done first at the be- 
ginning of the preparation for the geological map of Switzerland on the 
scale of 1 to 500,000, one year before the last Congress. I did not keep 
my manuscript thirteen years, as Dr. Frazer says, but only about a year 
and a half, and it is already back in Bologna. In the Report of Bologna 
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my work which won the prize is only a French translation, and it ap- 
pears with hardly one-sixth of the illustrations. In Switzerland in most 
of the institutions which give prizes it is customary that the works 
which compete for prizes remain the personal property of the authors. 
In 1881 no determination whatever concerning the personal ownership 
had been reached. When Prof. Capellini, on the other hand, was of the 
opinion that my manuscript should remain in the archives at Bologna, 
I considered it the wisest and the best course to lay the question before 
the Congress for decision. I have since then done as it decided and can 
see no fault in my conduct, — it was correct. 

On page 269: Dr. Frazer is not familiar with the use of the Oerman 
language when he accuses us of having erred a year in the age of Prof. 
Beyrich. We knew very well that on this day Prof. Beyrich was only 
seventy-nine years old, but that is called ^^the eightieth birthday, ^^ be- 
cause the first and most important birthday should be numbered, and 
we celebrated entirely correctly his eightieth birthday or the beginning 
of his eightieth year of life. 

I will not mention numerous other misunderstandings, because they 
do not affect me personally. 

Zurich, March 15, 1895. Pbof. Dr. Albert Heim. 



PERSONAL AND SCIENTIFIC NEWS. 

Prof. J; W. Judd has been appointed successor of Huxley 
as dean of the Royal College of Science, South Kensington. 

The professorship of geology and mineralogy in the Uni- 
versity of Toronto is vacant, owing to the resignation of Prof. 
Chapman. (Science.) 

Dr. G. p. Grimsley, of Columbus, Ohio, has accepted the 
professorship of geology and natural history in Washburn 
College, Topeka, Kansas. 

Mr. Raphael Pumpelly, ex-state geologist of Michigan, and 
Prof. Henry Lloyd Smith, of Harvard, have gone to the Seine 
River gold district, Ontario, on professional business. {Eny. 
ctr Mining Journal.) 

Dr. Henry M. Ami, of Ottawa, Canada, assistant paleontol- 
ogist in the Geological Survey Department, has just returned 
home from Europe, whither he had gone to seek rest last 
spring after a trying illness. He returns greatly improved. 

Mr. Max Krahmann, editor of the "Zeitsehrift fiir prak- 
tische Geologie," announces that hereafter that journal will 
be published in Berlin (Charlottenburg, Schillerstrasse 22), 
and that in connection with it he will establish a "Bureau for 
Practical Geology," where maps, books and advice concerning 
economic geology can be obtained. 

Several distinct earthquake shocks were felt in New 
York, Brooklyn, Philadelphia and vicinity early on the morn- 
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inj[? of S(*pt(Miiber 1st. These cities are situuted on the "fall 
line," whieh is supposed to be the line of it fault of compara- 
tively reecnt date. Motion alon^ this fault is ])robahlj still 
in projyjress, as evineed by the al)Ove mentioned disturbance 
and the jrpeat Charleston earthipiake. 

ITniox Collkok has recently issued an unnouneemont of the 
courses nU'erinl by tiie department of geology and paleontology 
for the present c<»lh*ge year. This dej>artment is under the 
direction <if Prof, ('harles S. Prosser. Special attention is 
callt>d to the excellent facilities for tht* study of localities in 
the immediate vicinity of Schenectady, which have become 
classic in the histtjry of North Am.(»rican gt'ology. 

TiiK NnicTMWKST MiNKKs' ASSOCIATION has been temporarily 
(organized and a call has been made for the first general nieet^ 
ing at Sj)okane, Washington, October 2d and Hd. At this 
meeting it is ])rop(>sed to etlect a permanent organization and 
to elect ])ermanent ofllcers. It is hoped to enlist for this as- 
sociation the hearty support of all who are engaged, in what- 
ever capacity, in mining in the states of WaBhington, Idaho, 
Montana and Oregon, and the province of British Columbia. 

The AxKiiirAN Institutr op Mimvo Knginkers will hold its 
sixty-ninth meeting at Athnita, Oa., iM^ginning October 8th. 
Several excursions liave been arranged, and a special train has 
been engaged to convey members and guests from Washington 
to Atlanta and return. Mr. E. W. Parker, of the LT. S. Geo- 
logical Survc'V, Washington, is in charge of all matters con- 
nected with transportation, and Prof. W. II. Emerson, Georgia 
School of Technology, Atlanta, is the secretary of the local 
<*ommittee. 

ThK TIIIKli VOLUME OF TIIK IMtorKEDlNGS OF THE LaKE SuPE- 

KiuK MiNiN(i Institftk has recently a])peared. The articles 
contained are chiefly on matters pertaining to mining rather 
than geology, such as descriptions of pumping tests in the 
Lake Superior region and in New Jersey, and of hoisting ma- 
chinery at Ishpeming. The only geological pa]M^r is one by 
Dr. L. L. Hubbard, the State (Geologist, of Michigan, on the 
'*Helatir)n of the Vein at the Central Mine, Keweenaw Point, 
to the Kearsarge Conglomerate." This paper, which is illuB- 
trateil by some interesting sections, is of value to the geolo- 
gist for tlw' clues which it aH'ords as to the relations whieh 
subsist between the eastern and the western sandstones of 
Keweenaw point; and has a j)!irticular interest for those en- 
gaged ill <'opper mining because it identifies the Kearsarge 
conglomerate .'ind locates the edgt* of the basin in which it 
wa> deposited. A <*oncise a<MMiunt of the developments on the 
Verniiliuii and M<*<abi iron ranges, wliich was prepared for 
tht^ Miimer^nta meeting rd' the Institute by II. V. Winehell, is 
reprrxluced in this volume. 
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[Ckociai. poesth in tbe □Eoi.uuy <ie the Lake Sl'^eriob heoiok. No. K.) 

THE LATEST ERUPTIVES OF THE LAKE 
SUPERIOR REGION. 

By N. H, WiNCHELi,. MinnpRpolK Minii. 

Prof. In-ing httH called attenti'iii to the view of Whittlesey 

did of Foster and Whitney that the Lake Superior busin in n 

gtent syncllDBl, whicrh began enrly in itehiHtory, mid hngillus- 

tratMl the depression with f renh facti' and a liii-id mapping hy 

contours.* Two principal formationtt are concerned ingiving 

•Ae leading topographic expression or thin general truth, viz., 

the Animtlcie and the Keweenawan. Theiie ntrata dinplay their 

Bntirv thickness in liUitfii that Tkcc outward rrnni the hanin 

and constitute the rim wliiHi dincloneB in the main the nalient 

I st«pB in the physical history, as well as of the geology of the 

, gwt Bynclinorium. The line of breaking which cniiHed thcKo 

atrata to rise thus and present n rampart' against the older 

terranes was very regular on thi- nortlieni aide of (he lake 

ttom Diihith to Thunder hay, Init nn the south side of the lake 

it was bri>ken and even tortuous eastward From the liase of 

Keweenaw point. From the western extremity ()f tlie basin 

eastward to about the middle of the same the tilting: ot these 

fonualions was regular utH\ synchronous, Ihe siiuthern line of 

^f rim running oiu to the extremity of Ki'weenaw point, 

Vhere it turned toward the southeast. The northern line of 

ft rim ruDS about parallel with the southern, but begins to 

*nie Copper-bearing rocks of lake Sui>erior, pi. xxviii. 
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turn to the soiitheant and to lose its oharacteristic dip, in a 
large measure, eastward from Pigeon point. The line of frac- 
ture and of high dip leaves the mainland and passes to Isle 
Royale and is lost under the lake at the extremity of that is- 
land. Prof. Irving has supposed that it continues, under the 
lake, to Michipicoten island, where it rises to view again, still 
having a southerly dip. It is to be noticed that on each side 
of the lake the line of extreme tilting runs under the lake at 
points nearly opposite each other and near the longitude at 
which they are both dellect^^d toward the southeast. Eastward 
and southeastward from Keweenaw peninsula, and backward 
from its great tilting rampart, lie later sandstones (the ''Eas- 
tern sandstone"), practically concealing, along the lake shore, 
the older geology. Analogy suggests the same age for the 
sandstones that are north of the rampart on the north side of 
the lake. 

Hut this conclusion does not rest alone on analogy. There 
are certain physical structures that point strongly in the same 
direction. The whole topography of the national boundary, 
along the north side of Minnesota, extends, near the coast, as 
far as Thunder bay. But this is farther north than the great 
fracture line which marks the summit of the tilted rampart. 
This summit is characterized by the heavy gabbro masses and 
the red granites and felsytes from twenty to thirty miles 
further south. This hill range (the Mesabi range) leaves the 
north shore of the lake at Pigeon point, some of its great dikes 
being somewhat still further north. It rises again in Isle 
RQyale, but for the most part it is under water entirely east- 
ward from that point. The very southernmost part of this 
line of elevation, i. e., the dikes of the Animikie revolution, 
appears along the north shore of Isle Royale, where some of ite 
characteristic gabbro dikes rise perpendicularly from the water 
to the hightof several hundred feet, sometimes without a shred 
of the Animikie attached. The rocks of the Lucille islands, 
otf the coast of Pigeon point, are w^holly in the Animikie, con- 
sisting of hardened slates and of great dikes of gabbro that 
run nearly east and west. In the midst of the disturbances 
which they have suffered some of the strata have been fused, 
both on Pigeon point and amongst these islands, and red gran- 
ite and quartz- porphyry have resulted. Indeed, one or two 
of these islands consist wholly of such red rock. It is proba- 



Latest Krirptives of Lakv Superior JRegfon. — WittrheU, 271 

Tily for this reason that Irving, who put such amongst his Ke- 
weenawan, in Wisconsin as well as in Minnesota, included 
some of these islands in that formation, although, as now 
known, these felsytes and granites are principally, if not 
wholly, pre-Keweenawan. The northern rim of the great syn- 
<.*linal, therefore, is a persistent feature. When the dip of the 
Keweenawan and Animikie appears reversed a different great 
fiynclinal is expressed. But so far as known, throughout the 
Lake Superior region this dip is not reversed. It is always 
toward the great basin. This structural fact again causes it 
to appear improbable that the horizontal sandstones of Black 
bay, which lie north of the northern rampart and non-con- 
formably upon the Animikie, are an integral part of the Ke- 
weenawan. Irving put them in the base of the Keweenawan, 
probably because of the great (|uantity of diabase with which 
they are associated, apparently not apprehemling the fact that 
the strike of those beds is further south with a considerable 
<lip to the south, and that it would not be possible for them to 
reverse their dip within the interval (about 18 miles) without 
manifesting it at some place above the surface of the lake. 

If this inquiry be carried further, it will be necessary, in 
the next place, to examine into the nature of these rocks them- 
selves. 

Dr. Robert Bell has given very full descriptions of them in 
several reports of the Geological Survey of Canada.* Litho- 
logically he regarded them comparable with the Permian or 
Triassio. They consist of light-colored sandstones, often ar- 
gillaceous, sometimes reddish, marls and limestones. When 
the writer examined them in 1879, on the mainland north from 
Silver Islet he was impressed with the aspect of recentness 
which they present, in contrast with all the other rocks of the 
region.f They lie there in a deeply eroded place in the hori- 
zontal Animikie slates of the region. On Thunder cape the 
Animikie slates rise about 1,000 feet higher, lying horizontal, 
or having a dip of a few degrees into the lake. In this eroded 
■depression these later sandstones and marls lie, also about 
horisontal, non-conformably on the Animikie, their base being 
n conglomerate hardly more indurated than the sandstones 
and marls above, and in great contrast with the basal conglom- 

*Report f6r 1866-60, pp. 313-364; ditto 1873-74, p. 97. 
tSee lOCh Report, Mmnesota Survey. 
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erate of the Keweenawan or of the Aniiuikie. This conglom- 
erate consists largely of red felsyte i>ebbles, often as large as 
walnuts, and of white quartz. These can of course be referred 
to the Animikie underlying which abounds in red felsytes and 
in taconyte cherts. Bell mentions traces of fossils, and re- 
ports the statements of Indians and others that fossils occur 
abundantly in a limestone farther north, which, however, was 
beyond the range of his instructions. The fact« seem to war- 
rant a lithological comparison with the *' Eastern sandstone*' 
of the south shore. 

Thus, structurally, geographically, stratigraphically and 
lithologically, they seem to be the northern representative of 
the Eastern sandstones. But they are interbedded and cov- 
ered by copious trap sheets, a circumstance which doubtless 
has led to their being included by Logan in the "upper vol- 
canic group" of his "upper copper- bearing series," an assign- 
ment which has been followed by all geologists. 

That these diabases were not cotemporary with the sedi- 
ments with which they are now associated is made evident, 
however, by Dr. A. C. Lawson,* and therein they show an- 
other remarkable divergence from Keweenawan characters. 
He points out that the Logan sills of the Animikie are also 
the diabase sheets and caps of these sandstones, and date from 
an intrusion later than the sandstones. He suggests that they 
ma}" be as late as the trap dikes which in Mount Royal (Mon- 
treal) cut through the Trenton limestone. Following are the 
characters which show they were not surface flows of molten 
rock like those of the Keweenawan, but are intrusive sheets 
which penetrated the formation and insinuated themselves 
between the beds after the strata were formed. They are 
thus enumerated by Lawson. He applies these statements to 
the Animikie sills, but as he says the trap sheets of the sand- 
stone are of the same age and are visibly continuous from the 
Animikie to the sandstones, they an^ applicable to the sand- 
stones. f 

They are not volcanic flows because: 

1. They are simple geological units, not a series of overlapping sheets. 

2. They are flat with uniform thickness over areas more than on© 
hundred square miles in extent, and where inclined the dip is due es- 
sentially to faulting and tilting. 

♦Bulletin VIII, Minnesota Geological Sijrvey. 
tOp. cit., p. 45. 
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3. There are no pyroelastic rocks associated with them. 

4. They are never glassy. 

5. They are never amygdaloidal. 

6. They exhibit no flow structure. 

7. They have no ropy or wrinkled surfaces. 

8. They have no lava-breccia associated with them. 

9. They came in contact with the slates after the latter were hard 
and brittle^ and had acquired their cleavage: yet they never repose upon 
a surface which has been exposed to sub-aerial weathering. 

They are intrusive because: 

1. They are strictly analogous to the great dikes of the region, (a) In 
their general relations to the adjacent rocks, and in their field aspect. 
(6) In that both their upper and lower sides of the sheets have the 
facies of a dense aphanitic rock, which grades toward the middle into 
a coarsely crystalline rock. 

2. They have a practically uniform thickness over large areas. 

3. The columnar structure extends from lower surface to upper sur- 
face, as it does from wall to wall in dikes. 

4. They intersected the strata aVxjve and below them after the latter 
had been hard and brittle. 

5. They may be observed in direct ctmtinuity with dikes. 

6. They pass from one horizon to another. 

8. The bottom of the sedimentary strata above them, wherever it is 
observable, is a freshly ruptured surface. 

9. Apophyses of the trap pass from the main sheet into the cracks of 
the slate above and below. 

10. The trap sheets, particularly at the upper contact, hold included 
fragments of the overlying slates. 

11. They locally alter the slates above and below them. 

An intrusive rock may appear at the surface and become a 
lava flow at other places. The writer has been unable to find 
any description of the individual localities of these diabases, 
in the region here considered, which mentions any amygda- 
loidal structure or other characters of eruptive surface rocks. 
Robert Bell, however, in his summary section of the rocks of 
Thunder and Nipigon bays,* mentions layers of trap between 
conglomerates and sandstones, mostly of a light color, which 
are **often amy^gdaloidal," occurring on the east side of Black 
bay. In the special description, however, of the east side of' 
Black bay such characters are not mentioned and it is left to 
be inferred that in making up the generalized section this 
character was added as one of the usual features of the Ke- 
weenawan traps, based on what the author knew of those 
traps in general, since he describes these sheets uniformly as 

♦Geological Survey of Canada, Report for 1866-69, p. 320. 
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surface flown coteiiiporary with the Bedi mentation, wholly 
analagous to those of the Keweenawan. 

Whether these horizontal sandstones are involved with the 
tilted sandstones which form the southern extremity of cape 
Maraainse, at the eastern end of lake Superior, is difficult to 
ascertain from the description of Mr. Thomas Macfarlane.* 
That there are ''horizontal sandstones" further south, which 
extend to Sault Ste. Marie, is generally admitted. 

There is but one point further to be mentioned going to 
show the later date of these Black Bay traps. Without in- 
cluding the peculiar dips and alternations of the sandstone 
beds at Mamainse, it cannot be questioned that the "horizon- 
tal sandstones" have been tilted locally since they were depos- 
ited. Such violent rupturing and bending as Sweet and 
C'hamberlin and Irving describe and illustrate, the former in 
Douglass county, Wisconsin, and the latter along the south- 
eastern side of Keweenaw point, imply profound movements 
in the deeper seated portions of the rocky crust. It is reason- 
able to suppose, as Chamberlin and Irving have, that move- 
ments once begun along a line of weakness would be liable to 
recur there at later dates. Since they have recurred at later 
dates it may be inferred that their origination and recurrence 
have a common cause. Their origination was intimately con- 
nected with the fractures that marked the growth of the Lake 
Superior synclinal, and the outpouring of trap rocks. Their 
recurrence, therefore, must have had the same deep seated 
connection with that movement. In other words, the fractures 
and thrusts which are seen in the horizontal sandstones on the 
south side of the lake, not accompanied by trap outflows so 
far as known, may have been accompanied by such phenom- 
ena on the north side, since on both sides of the great basin 
the rim would be likely to feel the effect of the settling at the 
center. 

In fine, although it may not be considered as altogether 
demonstrated that the Black Bay sandstones are no part of 
the Keweenawan proper, there is so much evidence tending 
that way that for the purposes of geological correlation the 
rational observer is compelled to accept it as probable, and to 
construct his taxonomy on that evidence as the most likely 
foundation. 

♦Geological Survey of Canada, 1866. 
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THE UPPER SILURIAN IN NORTHEASTERN IOWA.* 

By A. G. Wilson, Hopkinton, Iowa. 

The literature on Upper Silurian formations in Iowa is not 
very extensive. In I). D. Owen's report of 1840, relating to 
the mineral lands of Iowa, Wisconsin and part of Illinois, the 
Niagara formation and Galena limestone were classed together 
under the name of Upper Magnesian limestone. 

The Maquoketa shales between the Niagara and Galena were 
not observed by Owen. Th^ Cliff or Upper Magnesian lime- 
stone,' however, he divides into the upper, middle and lower. 
As the middle and lower are said to be rich in lead and zinc, 
the upper must have been what is now known as the Niagara. 
This is characterized as follows:! "More regularly stratified 
and less frequently vertically fissured than the middle and 
lower, also more rich in siliceous fossils; containing layers of 
chert and indeed passing sometimes wholly into masses of 
flinty rocks; containing also good iron ore and much crystal- 
lized carbonate of lime, but lead rarely and in unprofitable 
quantities." He says further that these upper beds contain 
casts of Terebratulfie, which, from his description and figures, 
appear to be Pentameras oblotHjus Sowerby,^ and various 
names are given for corals now known as Jlafysiten vatemda- 
/H4t Linn., Ptyvhophyllum ewpansmn Owen, Lyellia r/fnbra 
Owen, Strombode» mammilaris Ov^'en, S from hod ea (jifjas Owen, 
and various others. None of the Iowa reports since that date 
(except the reprint of this one in 1844) has figured any fossils 
from the Upper Silurian. 

In Dr. Owen's much larger report in 1852 on Wisconsin, 
Iowa, Minnesota and part of Nebraska, this Upper Magnesian 
or Cliff limestone is passed over without so much as a mention. 
In the map accompanying this report, however, he called 
this terrane the Coralline and Pentamerus beds of the Upper 
Magnesian limestone, indicating also that it is the equiv- 
alent of the Clinton and Niagara groups of the Upper Silurian, 
while the lead bearing beds are placed in the Lower Silurian 
in his table of colors. 

In Hall's report on Iowa in 1S58 three formations are de- 
scribed as representing the Upper Silurian, viz., the Niagara, 

*Read before Section E, A. A. A. S., Springfield, 1895. 
tOp. cit., p. 24. 
tSee pp. 66, 121. 
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the Le Claire and the Onondaga salt group. The Niagara is 
said to be recognized by the fossils llahjsiteH catenulatus and 
Pentumeniit oh/oNtftts. The Le Claire is said to be* "Gray, or 
whitish limestone, sometimes yellowish on fresh fracture. The 
whole mass is semi-crystalline and very porous, from solution 
and removal of fossils. It is sometimes so extremely and uni- 
formly vesicular as to resemble the porous lavas or amygda- 
loids. The surface is harsh to the touch and on fresh frac- 
ture has the sharpness and harshness of a siliceous rock. It 
would nevertheless appear to be a magnesian limestone, but is 
reputed to make the best limestone in that part of the coun- 
try." The fossils reported are a small Spirifer^ a Spirigera 
or Athifris^ a Pettfawertts indistinguishable from P. occideu- 
taltH^ several gasteropods and some chambered shells. He adds 
that no complete collections were made. The Onondaga salt 
group or Salina formation is described as an evenly bedded, 
drab colored limestone, which affords rock for building pur- 
poses. 

In the American Journal of Science for Mav, 1862, A. H. 
Worthen stated it as his opinion that the formations called 
Onondaga and Le Claire by Hall were identical and that their 
characteristic beds were found intercalated, and that they 
represented the upper Niagara. In the New York Regents' 
report of 1864 Hall stated it as his conclusion that the Le 
Claire was of Niagara age, but still maintained that the beds 
he had called Onandaga overlie the Le Claire. In White's re- 
portf these representatives of the Upper Silurian are all placed 
under the title of Niagara group, HalTs Le Claire being men- 
tioned as synonymous in part, and the Onondaga or Salina 
is not mentioned at all. 

In McGeeV Pleistocene history of northeastern Iowa, J after 
the statement that Norton maintained Hall's division into Ni- 
agara and Le Claire, the opinion is expressed that, as no un- 
conformity is known and as the successive strata unquestion- 
ably represent conlinuous deposition, it is inexpedient to 
divide th(» series. 

In the Iowa report for i^\)'l a photographic plate is given 
showing ai)parent unconformity between the upi>er and middle 



♦Hall's Ooolop:y of Iowa, vol. i, part 1, pp. 73, 75. 

tGeol. of lowai 1870, vol. i, p. 182. 

tEleventh Annual Rep. U. S. Geol. Surv., 1889-90, p. 325. 



Upper Sflffi'tan in Kttrtheasterii Iowa, — Wilson, 277 

members, though it is stated in the text that this may be only 
false bedding. In this report Keyes says,* "The exact sub- 
divisions of the Upper Silurian rocks in Iowa are yet some- 
what unsettled. * ♦ * With the exception of White, 
[McGee's memoir had not yet appeared] all geologists who 
have examined the Upper Silurian strata in Iowa regard the 
rocks as made up of at least two distinct formations. At 
present these subdivisions ditfergreatly, not only faunally, but 
in a less marked degree in their stratigraphical and litholog- 
ical characters. For reasons set forth above, Hall's Le Claire 
seems a desirable name for the upper member as now under- 
stood, while Niagara, for the present, will be retained for the 
lower." 

In the report last quoted there is also an article by G. L. 
Houser on ''Building Stones and Limeburning Dolomites of 
the Niagara in lowa.^f The subdivisions recognized in this 
are the upj)er Niagara, affording the building stone, and the 
middle Niagara, said to be the best for lime; thus implying 
that there is a third or lower member. An article by J. P. 
Farnsworth in the American Geologist for Nov., 1888, per- 
taining to the Niagara in Iowa does not mention subdivisions 
of the group, neither do two articles by Calvin on fossils of 
the Niagara in the American Geologist for July and August, 
1893. 

The object of this paper is to state the result of a study of 
these rocks which has extended over several years, with an 
attempt to describe the subdivisions as they appear in count- 
less outcrops in Delaware. Jones, Dubuque and Clayton 
counties. 

The basal member of the formation, as determined by out- 
crops of the Maquoketa shales beneath, is well exposed at the 
following places: ( 1 ) at Rockville, Delaware ('o. ;J (2) two 
miles northeast of Colesburg; (3) on a branch of Elk creek, 
five miles northeast of Greeley; (4) in the Mississippi bluffs 
near Sabula. 

This basal portion, for which Calvin has used the term 
**beds of passage/' is composed of thin bedded, non- vesicular, 
but!* colored dolomite, the layers being from one to three inches 

♦P. .30. 

tOp. cit., p. 2a3. 

iSee article by Calvin, Proceedings Iowa Acad. Sci., 1894, p. 40. 
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in thickness, often having thin layers of chert intercala- 
ted, and making up as much as one- third of the mass. Fossils 
appear to be entirely wanting. Above about twenty feet of 
this rock there are usually two or three layers of heavily bed- 
ded dolomite, soft, porous, brownish yellow, with imbedded 
chert nodules; then more thin bedded layers of a white or 
light gray color, with scattered nodules of chert. This basal 
member is from 30 to 50 feet in thickness and can probably 
be recognized only by its stratigraphical and lithological 
characteristics. 

The second member may for the present be called the lower 
Coralline beds. The rock is at the base softer, more vesicular, 
darker butt', scarcely crystalline, heavily bedded and contains 
LyeUia (fhtbra Owen, Halysiten eaten ft la fa Linn., Syritigopora 
verffcellafa Goldfuss, and species of Farosites^ with perhaps a 
few other corals. Toward the upper part the layers usually be- 
come thinner, harder and more compact, and considerable chert 
is found. These lower Coralline beds are usually 26 to 
30 feet in thickness. These two lower members are useless 
for lime or building stone, except for bridge piers, mill dam» 
and footing rock, though they furnish good road materials. 

The next higher member is what has long been known as the 
Pentamerus beds. These are from 70 to 80 feet in thick- 
ness. The texture at the base is like that of the top of the 
lower Coralline, the rock being grayish in color, compact and 
hard, with splintery fracture. Toward the middle the matrix 
becomes much softer, a brighter yellow, scarcely crystalline, 
quite free from chert and very vesicular. The characteristic 
fossil, Pentdinei'uH oblonyuH Sowerby, is not abundant at the 
base and is of rather small size. Toward the middle the indi- 
viduals are generally larger and often almost the whole mas6 
is made up of this fossil. Toward the top this species becomes 
smaller and is comparatively rare, and is accompanied in 
places by Pentamerus i)crffH)bosus Hall and Whitfield. These 
beds also contain Cerionites dactyfioitles Ovren^ Halysiten cate- 
nufaftfs Linn., Afrypn reticularis Linn., Atrypa nodostriata 
Hall, Sfrophomena rhomhoidialis Wilckins. The uppermost 
25 or 80 feet of the Pentamerus beds resume the texture 
of the basal portion, becoming generally much harder and 
more flinty, often showing on fresh fracture a steel gray color 
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and often striking fire witli the hammer, yet being quite free 
from chert nodules. 

Numerous vertical dry joints, of short extent and roughly 
parallel, and trending generally east by south or at right an- 
gles to this, give a characteristic appearance to a weathered 
surface and cause blufTs to wear away rather rapidly from the 
splitting olf of huge vertical slabs. The top layers are very 
heavily bedded, a single layer measuring often from ten to 
twenty feet in thickness. A decided change in the fauna also 
takes place, showing a predominance of univalves and crin- 
oids. (Jerioiiites dactylioides Owen, becomes more abundant. 
Orthoceras occurs in numerous species, as do also Phragmoce- 
ras^ Gomphoceras and Cyrtoceras, A small species of Cono- 
card iu VI, a small Spirifer, a large Bellerophon three inches in 
diameter of coil, Pisocrinus gemmiformis Miller, several other 
crinoids and several species of Straparollus also occur. It is 
this upper portion of the Pentamerus beds that furnishes the 
best materia] for lime and it has been very generally used for 
that purpose. 

At the summit of the Pentamerus beds, there is an abrupt 
change in both the lithological and faunal features. In blutfs^ 
when the two are in contact, the dividing line can generally 
be easily traced. The contact may be seen in the blutfs of the 
south fork of the Maquoketa river in Delaware county, in the 
S. W. i sec. 24, T. 87, R. 4; at Flemming's mill, N. W. \ sec. 
29, T. 88, R. 4; at Hartwick in N. W. \ sec. 30, T. 88, R. 4; 
in the blutfs of Buck creek in the south part of sec. 9, T. 87^ 
R. 4; and in the N. W. \ of sec. 18, T. 87, R. 2, of Dubuque 
county. 

The overlying member has been known as the Coralline beds. 
The rock becomes softer and generally shows thinner bedding. 
The fracture is earthy, the texture is in part crystalline and 
in part coarsely granular. The system of dry joints is no 
longer seen, nor is the steel gray color observed on fresh frac- 
tures. The weathered surfaces are no longer covered with 
sharp projecting points and edges, nor filled with amygdaloid 
cavities, but show rounded surfaces and irregular lines of 
fracture. When these two members form the land surface, the 
upper part of the Pentamerus beds tends to assume a fiat tab- 
ular form, covered with angular blocks, while the Coralline 
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forms dome shaped knolls covered with rounded fragments. 
The fossil Pentawernx seems to be entirely wanting in the 
Coralline beds. In the American Geologist for August, 1893, 
(■alvin has mentioned some of the principal fossils of this 
horizon. They include PtychophyHum expansum Owen, Sfrow- 
boiles ffiyas Owen, PlnHmopora antrafovmis Owen, and Lyellia 
glabra Owen. In addition to these might be named Favosifen 
niagarensis Hall, F. hispidus Kominger, /'. hiaingeri E. A H., 
Syrliujopora verticellata Goldfuss, Zaphrentis stokesi E. & H., 
Orthh flabelliteH Hall, and several species of Alreolites and 
Stro ill a lopora . 

These upper Coralline beds are estimated at 40 to 60 feet 
in thickness. 

The beds that succeed the upper Coralline are the ones that 
have 80 often been described as the building stone of the Ni- 
agara. A good general description of these is quoted from 
Mc(yee's writings, by C. R. Keyes in the Iowa report for 1892, 
page 31. They may be generally recognized by their very even 
bedding, butt' or bright yellow color, compact fine-grained tex- 
ture and the general absence of lustre due to crystallization. 
Chert layers are usually present, especially in the upper por- 
tion. Near Manchester these beds are of a decided blue or 
even purple color and nearly free from magnesium, but they 
are generally dolomitic elsewhere. The layers range in thickness 
from two or three inches, making rock adapted for flagging, 
to two feet or more. A system of joints trending about S. 70^ 
E. is generally present. Very little seems to have been written 
about the fossils of these beds in Iowa and the fossils are less 
numerous than in the Pentamerus and upper Coralline beds. 
They comprise Pentamenia oblottgas Sowerby, Jluronia verte- 
brah's Stokes, numerous species of Orfhoceraa, nia^nus dnyfon- 
ettsis Hall and Whitfield, Cafymene nfagareiiHis Hall, a few 
crinoids, Lftuitcs and other coiled cephalopods. These build- 
ing stone beds are from 40 to 00 feet in thickness. 

Contacts between the Upper Silurian and Devonian rocks 
may be seen at Fayette and on the banks of the river midway 
between Coggon and Central City. In the last named place 
the rock lying immediately under the Devonian is a buff, 
heavilv bedded dolomite, barren of fossils and so little indu- 
rated that in places it can be easily dug with a spade. It 
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strongly resembles a tine-grained sandstone. It shows the 
even bedding of the building stone and also the same absence 
of cavities. This and the heavily bedded dolomite underlying 
the transition layer at Fayette are believed to be the equiva- 
lent of the building stone above described. 

The total thickness of these beds according to these esti- 
mates would be 200 to 280 feet. Deep wells show a thickness 
at Cedar Rapids* of 286 feet; at Tipton, 326 feet; at Daven- 
port, 320 feet; at Ottumwa, 160 feet; at Ackley, 116 feet; at 
Vinton, 100 feet. At Monticello the well begins in the upper 
Coralline beds and the thickness of the Upper Silurian is 186 
feet. At Manchester also the well begins in the upper Coral- 
line beds and shows about the same depth to the Maquoketa 
shales. At Hopkinton a well beginning at the top of the Pen- 
tamer us beds shows a depth of 160 feet to the shales. 

The characters given here for these five divisions are be- 
lieved to be sufficient for identifying the respective beds in 
this portion of Iowa ; and they are given vith the hope that 
they may aid in leading to a better understanding of the rela- 
tion of the Iowa Niagara to that of neighboring states. These 
characters may be of use locally in indicating the presence or 
absence of building stone or lime burning stone ; and as water 
is almost sura to b3 found at the upp3r surface of the Maquo- 
Iteta shales, this may furnish the mBans of calculating its 
depth below the surface. 

It will b8 S93n from the foregoing that there are cycles or 
alternations of 83dim?ntation in this formation. It begins 
with large quantities of chert in the transition beds below, 
and the summit of the building stone returns to the same 
character, while the intervening beds are comparatively free 
from chert. The lower Coralline strongly resemble the uj>per 
Coralline beds, lithologically'and faunally, while the interven- 
ing Pentamerus beds have a fauna much like that of the build- 
ing stone which overlies the upper Coralline. 



HICH level gravel and loam DEPOSITS OF 

KENTUCKY RIVERS. 

By Arthi'R M. Miller, LexiiiArton, Ky. 

The waste of Carboniferous rocks occurring in the upland 
soil of the Blue Grass region has frequently^ attracted the at- 



♦See article by W. H. Norton, la. Geol. R^'p., vol. in, 1893, pp. 180, 
208. 
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tention of Kentucky geologists, and has generally been urged 
as an evidence of the former wide extension of the Carbonif- 
erous rocks over a great part, if not all, of central and north- 
ern Kentucky. According to this view the eastern and west- 
ern coal fields were one time continuous across the now well 
defined Cincinnati anticline, and the present exposure of the 
lowest Silurian strata nearest the axis of this anticline has 
been brought about by the extensive denudation since the 
close of the Carboniferous age. 

While not attempting to dispute this latter proposition — 
the successive lines of retreating geological escarpments, with 
**outliers" of the newer formations far within the encircling 
boundaries of the old, point strongly to this conclusion — ^yet 
it has been forced upon me that there is perhaps another and 
better explanation of the loose ''waste" of the Carboniferous 
far up on the fianks and even on the crest of this anticline. 

This "waste" consists for the most part of hard materials, 
the (juartz pebbles from the basal Coal Measure conglomerate, 
silicified Lithostrotion corals from the St. Louis limestone, and 
quartz geodes from the upper Waverly or Keokuk. Now and 
then, however, some of the softer Coal Measure sandstones 
and even pieces of coal occur in exactly the same situations. 
Moreover, all these show evident signs of being river worn, 
and, accompanied as they frequently are, by deposits of beau- 
tifully stratified sand and clay, they lead one to the conclu- 
sion that they have gotten into their present positions mainly 
through the action of running water. Again, the fact« that 
these materials are more abundant near the rivers (four miles 
back is about the maximum limit in the Blue Grass region) 
and are not found upon the tops of the highest hills (350 feet 
above the present channel seems to be the upper limit), nor 
along those watercourses, whose fountain heads are not within 
the eastern coal field, preclude the idea that they have been 
let down into their present positions as the residual products 
of subaerial deca}'. 

Prof. G. F. Wright, in his discussion of the ''Cincinnati 
glacial dam hypothesis," makes mention of the finding of 
these gravels with occasional pieces of coal at high levels 
along the Licking river, both near the mouth and as far up as 
^late creek in Bath county. Shaler makes mention of similar 
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deposits in the lower course of this stream, back of Newport 
300 feet above the river and at Flatwoods 11 miles further up 
stream. They occur at other points, as at Upper Blue Licks 
in Flemming county, where Coal Measure conglomerate peb- 
bles were noticed as high as 300 feet above the river (875 feet, 
barometric, above tide). No traces of pebbles could be found 
in the soils at corresponding bights on the North fork of the 
Licking, where it is crossed by the Maysville and Lexington 
pike. The North fork does not tap with its headwaters the 
conglomerate region, and this seems a sufficient reason why 
evidence of a former i»ubmergence is wanting. The stream 
was not supplied with materials resistant enough to line off 
ancient high water levels. 

The evidences of the former flooded condition of the Ken- 
tuckv river are of the same character. Wherever search has 
l>een made for them, they have been found. At Waco in Mad- 
ison county, on Devonian black shale uplands, four miles from 
the river and at a probable elevation of 300 feet above it (850 
feet above tide), are deposits of sand and clay beautifully 
"Stratified. Farther down the river, near the mouth of Marble 
oreek, on the Jessamine county side, at about the same eleva- 
tion (850 feet), the upland soils are strewn thickly with Coal 
Measure conglomerate i)ebbles, the same as seen on the Lick- 
ing, and some Subcarboniferous geodes. Again, near the 
southern limits of this county, near Little Hickman post of- 
fice, and also near Camp Nelson, where the river reaches its 
fixtreme southern deflection in its efforts to cross the Cincin- 
nati axis — right upon the summit of the anticline in fact — 
are found waterworn Keokuk geodes, blocks of Coal Measure 
sandstone as large as 18 inches in diameter and these same 
conglomerate gravels. The latter extend up to a bight of 350 
feet above the river (850 feet above tide), — to the very top, in 
fact, of the canon-like gorge which the river is forced to make 
in cutting its way across the backbone of the arch. Above 
Little Hickman post office the Kentucky River fault leaves the 
river to the southeast, and, following down Big Hickman creek, 
cuts off a large bend of the river, which is four to six miles 
across. The more rounded hills of the lower and middle Hud- 
son River beds, brought down on a level with the Birdseye by 
this fault, are included in this bend. They are everywhere 
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thickly strewn with these gravel and boulder remains and a 
sand deposit occurs similar to that at Waco. The boulderj^ 
occur to a hight of 200 feet above the river. With one excep- 
tion, all the materials seem to be of Carboniferous origin. The 
exception noted was a hard quartzite boulder measuring 14 by 
8 by 5 inches; and it had every appearance of the Canadian 
quartzites found so abundantly in the beds of southern Ohio- 
streams near the margin of the drift. The hight of the hills, 
850 feet above tide, has not been quite great enough to render 
their tops entirely free from pebbles. Sixty-five miles farther 
on in the sinuous course of the stream (25 miles in an air 
line), at Tyrone on the western flank of the anticline, where 
the river, after rounding the anciently obtruded barrier, again 
resumes the wonted course of Kentucky rivers — toward the 
jiorthwest — the same high level conglomerate |>ebbles were 
sought for and found at their proper hight. The evidence 
seems conclusive, that the Kentucky river, as its sister river 
the Licking, was within comparatively recent times flooded 
out over its banks to a level that was, for its lower couri^e,. 
from 300 feet to 350 feet above its present channel, or to some^ 
thing like 875 feet above sea level. 

The glacial dam hypothesis, which has been urged to ex- 
plain the terrace phenomena of the Ohio River valley above 
Cincinnati, might also seem the most reasonable one here : and 
if we had only the Kentucky river to deal with, "lake Ken- 
tucky'' might be added to "lake Ohio." The terminal mo- 
raine is platted by Wright as crossing into Trimble countj'. 
Ky., below Carrollton. This could give us an ice dam block- 
ing the mouth of the Kentucky as ett'ectually as did that at 
Cincinnati the mouth of the Licking and the upper course of 
the Ohio. We may, upon this assumption, by tracing the 
contour of 875 feet, approximately determine the outlines of 
this "lake Kentucky." It would be long and narrow, hardly 
getting outside the confines of the strip of river hills about 
four or five miles back on either side, because the Kentucky 
river for a great part of its course flows far below the present 
level of the country in a canon-like gorge. Evidence may be 
forthcoming that the river was flooded to a higher level than 
this, as high as Prof. Wright claims for his lake Ohio, in 
which case the two lakes were probably continuous, at least 
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along the ice front ; and there are indications that the 875 
foot level would establish a water connection along the foot of 
"the knobs" from Vanceburg through the eastern part of 
Flemming, Bath, Montgomery and Clark counties. Sufficient 
topographic data are wanting to establish this point conclu- 
sively ; but the falling off of the land with the dip along the 
eastern flank of the Cincinnati anticline is very pronounced, 
so that the Waverly formation rises abruptly into knobs 1,100 
to 1,300 feet above sea level, from a Devonian black shale base 
that is about 700 feet above the same datum line. 

The accompanying provisional map is constructed with a 
view to showing the probable flooding effect of a glacial dam 
following the line of the terminal moraine in its southwest 
trend through northern Kentucky. 

That such a dam would account for the phenomena de- 
scribed seems a reasonable hypothesis, and if limited to the 
rivers mentioned might receive more than a provisional ac- 
ceptance. How is it with the Green and Cumberland rivers? 
With a view of determining this a special trip was taken re- 
cently to the headwaters of the Green river and to the Cum- 
berland river where it emerges from the Cumberland plateau. 
Green river barely reaches a hight of 1,000 feet above the sea, 
and that only at the base of Green River knob, where one of 
its head tributaries rise?. It lies the lowest of the four great 
rivers of Kentucky whose courses lie mainly or wholly within 
the boundaries of the state. Chester sandstone caps the top 
of this knob. It is almost the extreme eastern limit in the 
reach of this formation. There is no trace of the conglomer- 
ate here or of its having been here. In keeping with this fact, 
no quartz pebbles could be found in the same relative situa- 
tion as on the Kentucky and Licking. The evidence of sub- 
mergence here is largely of a negative character, unless the 
*'hill top silicified fossils,'' referred to by Shaler as evidence 
of extensive denudation, have a different interpretation. 

Oossing over to the Cumberland in the vicinity of Mills 
Springs, the evidence of submergence becomes very pro- 
nounced. A yellowish red sandy loam filled with quartz peb- 
bles was found covering all the country back from the river 
several miles. The highest level noted for these deposits was 
300 feet above the present stage of water (880 feet above 
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tide). The flood-plain character of the country is even more 
pronounced on the other side of the river. There, extending 
back ten miles or more — to the very base of the Cumberland 
plateau, in fact — and covering quite deeply in places the lower 
100 feet of the St. Louis limestone, are extensive deposits of 
this reddish or orange sandy loam, pebbly throughout. The 
hight of this beautiful valley ranges between 850 and 1,000 
feet above the sea, with the present Cumberland winding 
through it in the deep gorge 200 to 300 feet below. The edge 
of the plateau rises rather sharply from the valley with a 
lower 300 foot slope of upper St. Louis limestone, succeeded 
by 100 feet of Chester sandstone and shales, and is sur- 
mounted by a 200 foot precipitous escarpment of Carbonifer- 
ous conglomerate. This has probably been a line of retreating 
escarpment for ages, but the pebbles now strewn far and wide 
over this valley never owed their present position solely to the 
slow action of atmospheric decay. The slopes of this escarp- 
ment, and the tops of the limestone hills above 1,000 feet show 
scant traces of quartz pebbles, though blocks of conglomeratic 
are common. Below this level the evident fluvial deposits 
set in. 

There is an evident similarity between the deposits of the 
Licking, Kentucky and Cumberland rivers, these deposits in- 
creasing in thickness in the order nivraed. The reddish-yellow 
loamy character is more pronounced on the Cumberland, but 
it is not wanting on the Kentucky. These facts, so far as 
they point to a community of cause for the submergence, mil- 
itate somewhat against the glacial dam hy^pothesis. Still the 
terminal moraine is not far to the north of the mouth of the 
Cumberland at the point of its most southern sweep in Illi- 
nois, and further investigation may reveal the fact that it was 
in some way responsible for the flooded condition of this river 
also. More facts must be collected, and especially must ob- 
servations be made at the mouths of these and other rivers 
emptying from the left bank into the Ohio river below Cin- 
cinnati, before the glacial dam theory can be either set aside 
or sustained. 
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ORIGIN OF THE IOWA LEAD AND ZINC 

DEPOSITS.* 

y By A. G. Lbonard, Toledo, Iowa. 

The Iowa lead and zinc deposits occur in the northeast^ra 
corner of the state and form part of a larger area known as the 
Upper Mississippi lead and zinc region to distinguish it from, 
the Lower Mississippi or Missouri region. The Upper Missis- 
sippi area has a length east and west of 96 miles and a width, 
north and south of 66 miles, embracing the southwest portion. 
of Wisconsin, northwest corner of Illinois and adjoining part» 
of Iowa. This region, embracing some 3,000 square miles, liesi 
wholly within the limits of the driftless area. 

As is well known, the lead and zinc occur in crevices in the- 
Galena and Trenton limestones. These formations are cleft 
by extensive east and west fissures, which at certain depth» 
are found to expand into cave-like **openings;" it is in these 
openings that a large portion of the ore occurs. In Iowa the 
first and largest "opening" is as a rule about 45 feet below the 
top of the Galena beds and most of the ore has been taken 
from the upper fifty or sixty feet of the limestone. 

The question of the origin of the lead and zinc deposits has 
been under discussion ever since the days of Owen and Perci- 
val and has recently come into renewed prominence through 
the work of Win slow, Jenney, Blake and others. New light 
has been thrown upon the subject, new theories advanced and 
old ones reaffirmed. 

In treating of the genesis of these deposits it will be well to 
consider in the first place the original source of the lead and 
zinc and the way in which the ores came to be confined to cer- 
tain districts, and then to discuss the formation of the crevi- 
ces and the deposition of the ores in these receptacles. 

Original source of the lead and zinc. For the source 
whence the minerals were originally derived we must doubt- 
less look to the primitive Archean rocks forming the land mass 
to the north. As this land was wasted away and its materials 
, carried into the Silurian sea, the waters became charged with 
metallic salts which were deposited along with the limestone. 
The chief agent in the precipitation of the metals appears to 
have been the organic life so abundant during this period. 
The death and decay of the vast multitudes of mollusks and 

♦Published by permiBsion of the State Geologist of Iowa. 
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other forms gave rise to gases which were doubtless very ef- 
fective in precipitating the metallic sulphides, which were thus 
deposited along with the sediments. 

Localization of the deposits. One fact in connection with 
these deposits' is difficult of explanation on the theory of oce- 
anic deposition, namely, the localization of the ore bodies. 
These bodies are confined to certain districts, outside of which 
the ground is nearly or quite barren, although as far as can 
be seen the conditions are quite as favorable. For example, 
the Dubuque mines are confined to an area of some twenty 
square miles, while to the north and south the Galena lime- 
stone carries no ore though everywhere cut by numerous crev- 
ices favorable for its reception. The same is true of the many 
mining districts of Wisconsin and Missouri. The mines are 
noticeably grouped about certain centers while the surround- 
ing country is unproductive. The natural supposition would 
be that the minerals were everywhere equally disseminated 
through the rock and that they have been leached out and 
deposited in the fissures only in certain favorable localities. 
But this is hardly probable in view of the fact that the con- 
ditions are apparently just as favorable for the formation of 
ore bodies in the barren districts as in the productive ones. 
How then can we account for the localization of the depos- 
its on the generally accepted theory that the lead and zinc 
were contained in the oceanic waters and were distributed 
through the rocks at the time of their formation? 

Professor J. I). Whitney* over thirty years ago published 
an elaborate report on the lead region and discussed at con- 
siderable length the origin of the deposits. His views differ 
quite radically from those of Messrs. Owen and Percival, who 
had maintained that the metals were derived from great depths. 
Professor Whitney w^as the first to advance the theory that 
the metallic salts were held in solution in the waters of the 
ancient sea and were thrown down by organic matter or by the 
sulphuretted hydrogen arising from its decay. But no satis- 
factory explanation was given for the localization of the lead 
and zinc. 

Professor T. C. Chamberlinf attributed the original eoncen- 

♦Geol. of Wisconsin, 1862. ~~ 

tOeol. of Wisconsin, Survey of 1873-1879, vol. iv, p. 529,1882. 
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tmtion of the deposits to the currents of the old Silurian sem. 
The oceanic waters impregnated with metallic salt« derived 
from the leaching of the adjacent lands were borne bj cur- 
rents to area«( where there wa«K an abundance of organic life, 
in the presence of which the metalis would be extracted and 
thrown down along with the sediments. 

Mr. Arthur Winslow* has recently advanced a somewhat 
different hypothesis concerning the origin of the Missouri ore 
bodies. He holds that the concentration is due to the surface 
decomposition of the rocks. '* According to our theory the 
concentration is entirely (Secondary. It is primarily a result 
of great and long-continued surface decay of the rocks; and 
secondarily, the result of the presence of local favorable, 
physical and chemical conditions.** The hypothesis starts 
with the proprisition that the minerals existed in the Archean 
rocks, and with the decay of these became diffused through 
the later formed i^ediments. It will be noticed that this the- 
ory agrees with that of (*hamberlin in recognizing the pres- 
ence of minerals in the country rocks and the derivation of 
the deposits from them ; but it differs in maintaining a con- 
dition of general diffusion, rather than one of concentration, 
over certain favored areas. 

The evidence is abundant that very extensive sub-aerial 
decay has befallen the rocks in the Missouri region, and dur- 
ing successive gei>logical i)ericxls many hundreds of feet have 
been removed. Mr. Winslow believes that in the Wisconsin- 
Iowa area the same processes were long operating to concen- 
trate the ores. It has already been stated that the district is 
unglaciated. and thus has been long exposed to atmospheric 
agencies by which the rocks were extensively decomposed. 

Mr. W. P. Blake,f who is familiar with the Wisconsin de- 
posits, seems to hold something of the same view as Winslow, 
if we may judge from the following words: "The evidence is 
strongly in favor of the view of the long-continued decompo- 
sition, downward flow and re-composition of not only the ores 
of zinc but of lead and of the pyrite from the upper forma- 
tions to the lower, as the general water-level of the region 
subsided and as the upi>er formations by long continued exr 
posiire through geologic ages were gradually decomposed in 

^Missouri Geol. Surv., vol. vii, p. 477, 1894. 
tTrans. Am. Inst. Ming. Eng.. vol. xxii, p. 621, 1894. 
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place. By such a process the present zinc deposits would seem 
to have accumulated and to represent the originally diffused 
ores in many formations, possibly as high in the geologic 
«cale as those of Missouri or the Lower Carboniferous. This 
is, however, improbable, owing to the dense and impervious 
nature of the intervening Hudson River (Maquoketa) shales." 

It would seem that this impervious character of the shales 
constitutes a serious objection to Winslow's theory as applied 
to the Iowa deposits. The latter are commonly overlain by 
these shales and occur mostly near the top of the Galena lime- 
stone. Granting that the overlying Niagara and Maquoketa 
formations were impregnated with lead and zinc, it would 
hardly have been possible for the mineral-bearing solutions to 
make their way through the impervious shales. In other words, 
there could not have been in this area a very extensive down- 
ward flow and re-composition of the ores. The process has 
doubtless been going on within the Galena formation itself 
and may have caused some local concentration, but the lime- 
stone has not undergone very extensive decomposition in situ, 
and the ore is found largely in the upper beds. For these rea- 
sons, while Chamberlin's theory of ocean currents may appear 
somewhat too hypothetical, it furnishes on the whole the most 
plausible explanation yet offered for the localization of the 
Upper Mississippi deposits. 

Formation of crevices. Cavities and crevices in rocks are 
formed in several different ways. They may result from con- 
traction due to solidification, drying or cooling. A familiar 
example of this process is seen in the cracks found in basalt. 
It is probable that some of the joints of sedimentary rocks 
have had the same origin. But the most important cause of 
fracture is found in the movements of the earth's crust pro- 
ducing a folding and crumpling of the strata. When such 
anticlinals and synclinals are formed the rocks are fissured by 
the strain to which they are subjected. Should the walls of 
the fissure slip over each other, one side being raised or low- 
ered, a fault would result. The fractures when once formed 
become the channels for subterranean drainage, and these are 
enlarged and modified by the dissolving power of water. 

The crevices of the Upper Mississippi region are apparently 
due to the second cause. Extending east and west through 
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the lead district are numerouB undulations of the strata. 
These flexures were doubtless the chief agent in the production 
of the crevices. As the strata were slowly elevated the heav- 
ily bedded limestones were fissured in a direction parallel to 
the axis of elevation and crevices more or less open were 
formed. In a direction at right angles little force was exerted 
and the beds were simply fractured, producing the narrow 
north and south fissures. It is also possible that the latter 
may be due to the contraction of the rock as it became more 
compacted. 

It is to be noted that the ore deposits of this region do not 
occur as fissure veins of indefinite extent in depth, but are in 
what are known as ^'gash veins" of limited extent and confined 
to one rock series. 

Filling of the crevices. Two opposite views are at present 
held concerning the source whence veins have derived their 
metalliferous contents. (1) It is claimed on the one hand 
that the minerals have been deposited from hot solutions rising 
through fissures from profound depths. The solvent power of 
such waters would be great on account of the temperature and 
pressure, and they would thus be rich in mineral materials 
which would be deposited on cooling, or on relief from pres- 
sure. This is the view so ably advocated by Professor Franz 
Posepny in his recent paper on the ''Grenesis of Ore Deposits"* 
and it has among its supporters many eminent geologists and 
mining engineers. (2) Opposed to this ascension theory is 
that of lateral secretion, according to which the contents of 
the vein are derived from the wall rock itself instead of from 
unknown depths. A broad interpretation of the theory does 
not necessitate the derivation of th(' minerals from tlie rocks 
directly V)oun(iing the vein, but admits that they may have 
been leached out from a considerable distance on all sides. It 
supposes that there is a free circulation of surface waters 
through crevices and porous strata, and consequently a ready 
transfer of solutions would result. These waters may traverse 
the rocks in any direction and may thus in cases rise and be 
said to come from below. Or, again, they may flow into the 
crevice either from the sides or from above. This broad con- 
ception of the lateral secretion theory has much in common 
with the one first named. But it differs from that, however 

♦Trans. Am. Inst. Ming. Eng., vol. xxiii, p. 197, 1894. 
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since it does not necessitate the presence of profound tlssures 
or faults, nor the rising of the heated waters through these 
from great depths. 

A third view as to the origin of ore deposits is mentioned 
by Professor J. F. Kemp * It is held by a number of careful 
observers and was brought into prominence by Emmonsf in 
his report on the Leadville region. According to the replace- 
ment theory, as it is called, no large cavity is supposed to have 
previously existed. There is a circulation of ore-bearing so- 
lutions which interchange their metallic contents, molecule 
by molecule, for the substance of the rock. The ore body in 
this case has no well defined limits but shades off gradually 
into the barren country rock. 

We are now ready to enquire which one of the above theo- 
ries explains in the most satisfactory way the source of the 
Iowa deposits. There seems to be little doubt that to the 
process of lateral secretion is due the deposition of the ores 
in the crevices and that they have thus been derived from the 
limestone whence they have been leached by surface waters. 

The view that the metal-bearing solutions came from below 
is strongly advocated by Professor JenneyJ who holds that 
the Mississippi valley ores have been deposited by waters ris- 
ing through fissures. 

But there are numerous objections to this theory as applied 
to the region under consideration, and among them may be 
mentioned the following: 1. No true fissures extending to 
^reat depths have been discovered. 2. Faults are of rare oc- 
<!urrence, and when they are occasionally found have no ap- 
parent connection with the deposits. 8. The ores exist only 
in comparatively small amounts in the underlying Saint Peter 
sandstone and Oneota limestone, and are almost altogether 
«bsent from the Saint Ooix or Potsdam formation. 

On the other hand there are many facts connected with the 
mode of occurrence of the ores which go to prove that the 
M'aters came from above. Masses of Galena are frequently 
found suspended from the roof of the openings. These could 
only have been formed by waters that reached the crevices 

*OTe Deposits of the United States, New York, 1895. 

tGeoIogy and Mining Industry of Leadville, with atlas, Monograph 
XII, U. S. Geol. Surv., Washington, 1886. 

^Lead and Zinc Deposits of the Mississippi Valley; Trans. Am. Inst 
Ming. Eng., vol. xxii, p. 171, 181M. 
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from the upper strata. A few miles south of Dubuque erevi- 
ees are met with identical in every respect with the ore-bear- 
ing fissures farther north, but instead of carrying lead and 
zinc, except in small amounts, they are decorated with great 
numbers of stalactites and stalagmites. The ore deposit* of 
this region have evidently had the same origin as these lime 
formations, and no one questions the fact that the latter are 
due to moisture trickling down from above. 

In order that the theory of lateral secretion may be well es- 
tablished it must be shown that the metals are diffused 
through the country rock. The necessary analyses have not 
been made for the Iowa region, but Winslow in his Lead and. 
Zinc Report* shows that the limestones and crystalline rocks 
of Missouri do contain small quantities of these minerals. 
'*The amounts of metallic lead vary from about 0.0004 to 
0.007 per cent., of metallic zinc from about 0.0002 to 0.018 per 
cent., and of copper, manganese and barite there are corres- 
pondingly small amounts. It thus appears, on this hypothe- 
sis, which does not require that the ores should come from the 
immediately adjacent rocks, that the metalliferous contents of 
the country rocks are ample to supply the ore deposits." 

There is every reason to believe that the Galena limestone 
of Iowa also contains small quantities of lead and zinc and 
that these have been leached out by percolating waters and 
deposited in the crevices. It is not uncommon to find small 
particles of galena and sphalerite in the different dolomitic 
formations of the state. In the Oneota small pockets of lead 
are very common and denote the presence of this mineral in 
considerable aV)undance. 



THE DEVONIAN SERIES IN SOUTHWESTERN 

MISSOURI. 

By Ohoab H. Hermhey, Freeiwrt, 111. 

In publications of the Missouri Geological Survey, and in 
other writings bearing on the stratigraphy of southern Mis- 
souri, we find occasional mention of a black shale occurring 
between the limestones and sandstones of the Ozark series aftd 
the Kinderhook group in Stone, Barry, and McDonald coun- 
ties, Mo., and extending into Arkansas, which has been re- 
ferred to the Devonian system. This bed of shale is well de- 

♦Missouri Geol. Surv., vol. vii, p. 478, 1894. 
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veloped at the town of Eureka Springs, Ark., where it is the 
chief cause of the emergence of most of the springs at a given 
horizon ; and from this town it has received the name of Eu- 
reka shale. Its Devonian age is inferred chiefly from its 
stratigraphic relations, it being conformable to the base of 
the Kinderhook group, also well developed in this region. 

In portions of Stone and Barry counties, where it has been 
studied by the writer, it was found to be underlain by strata 
of limestone, and even a thin bed of sandstone intervened be- 
fore the top of the Ozark series was reached. From an exam- 
ination of numerous outcrops the following section has been 
prepared : 

Thickness. 

1. Eureka shale 7 feet 

2. Gray shaly limestone 13 ** 

3. Speckled crinoidal limestone 3 ** 

4. Basal sandstone 1 ** 

Where studied by the writer, the Eureka shale consists of a 
bed of finely laminated, soft, argillaceous shale, generally 
somewhat calcareous, especially in certain layers. Its color, 
on exposure, varies from a light green to a dark blue gray ; 
and it is probably, before being exposed to the atmosphere, of 
a very dark and perhaps even black color. Hence, when pen- 
etrated by wells or other excavations, it would be reported as 
a black shale, while if seen only on exposed surfaces it would 
be considered a green shale. It is nearly or quite destitute of 
fossils, hence its paleontologic position cannot be determined 
with certainty. A characteristic of it is the occurrence of 
satin spar as a secondary mineral in thin layers and in verti- 
cal veins. 

The Eureka shale passes downward by interstratilication 
and intergrading of materials into the next division of the 
Devonian strata in this region, a bed of light brown and gray 
shaly limestone. The limestone is evenly but rather thinly 
bedded, and varies locally from a very argillaceous to an al- 
most purely calcareous composition. It also varies greatly 
from layer to layer, sometimes being a nearly pure limestone, 
with macroscopically an **amorphous" or non-crystalline tex- 
ture, alternating with other strata of a distinctly shaly struc- 
ture. The compact ^'amorphous'' limestone contains no fos- 
sils, or only a few scattered here and there; but the more 
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shaly- layers abound in calcareoue replacements of various 
small fossil species, broken crinoid stems cbiefly predominat- 
ing. These are so abundant in places as to give one the im- 
pression of a highly fossiliferous formation. 

At the base of the shaly limestone there occurs a deposit of 
limestone a few feet thick, having a similar appearance on 
exposed surfaces, but which differs from that above in being 
slightly heavier-bedded, less shaly in structure and composi- 
tion, and in having a distinctly granular texture. This latter 
feature is due to its consisting almost exclusively of the dis- 
severed parts of crinoids. These are closely packed as in the 
Burlington limestone, but it differs from that formation in 
being composed of the debris of smaller species, and hence the 
grain is much liner. Moreover, while the bulk of the rock is 
of a light gray and white color, certain species of crinoids 
seem to be tinted brown and buff, and these give to the rock 
a speckled appearance. This rock, then, is a highly fossil- 
iferous limestone; and, if the base of the Kinderhook forma- 
tion is rightly placed over the Eureka shale, it must be of 
Devonian age. 

Occurring at the base of the Devonian strata in this region, 
and overl^'ing the dolomites of the Ozark series, is the basal 
sandstone. This is a very thin but rather peculiar stratum of 
quartz sand, strongly cemented with calcareous matter. The 
grains of sand vary in size from exceedingly fine to moder- 
ately coarne, and, in addition to the transparent quartz, many 
irregular particles of chert, white, and of other colors, derived 
from the cherts of the Ozark series, occur. The most curious 
of the contained minerals consists of small subangular parti- 
cles of a hard black quartz, which I have been unable to locate 
anywhere in the Ozarks, although it is possible that it may be 
a common chert modified b}^ some process to an opaque black 
color. Small particles of iron pj^rites, besides limonitic stains, 
are present in the deposit and aid in giving it a color varying 
from bluish gra}' through light brown to a very light gray. 
At the Corner cave in Barry 'county, where it is best devel- 
oped and attains a thickness of about one foot, this sandstone 
is of a white color, cemented by silica, very hard, and grading 
into an or>litic chert. 
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That the sandstone does not belong to the Ozark series is 
known from the fact of its passing across the upturned edges 
of slightly tilted layers of dolomite in some places in this 
region ; although generally no more than four inches in thick- 
ness, it is present over many square miles of territory, and is 
in contact with different layers of the dolomites in different 
places. Furthermore, in lithological composition it is entirely 
unlike any sandstone stratum in the Ozark series. As final 
proof of its belonging to the overlying series, I may state that, 
although this sandstone is nearly free from fossils, a few have 
been found in it having a distinctly Devonian facies. 

It will readily be seen that the four divisions of our series 
were deposited in the same body of water in immediately suc- 
ceeding periods of time ; and I should say that each member 
or division corresponds to a separate epoch of geologic time, 
as each certainly indicates slightly different conditions. From 
a study of the distribution of the series and of certain facts 
indicating very weak wave action in the body of water, and 
also from the nature of the deposits themselves, it is very 
probable, nay almost certain, that they were laid down on the 
bottom of a broad shallow estuarine basin, occupying a posi- 
tion on the south side of the land mass which then existed 
through what is now central and southern Missouri, and ex- 
tending thence far to the northwest up the present Missouri 
valley. 

Through many ages the Ozark series had been subjected to 
subaerial erosion, and was almost completely baseleveled. A 
subsidence of the land mass or Missouri continent began some- 
time during the Devonian era, and, as soon as the lower por- 
tions of its broad shallow basin- like valleys had been sub- 
merged, the fauna of the surrounding seas invaded these estu- 
aries and formed limestones; and the streams which still 
flowed on the slowly diminishing land mass brought fine sedi- 
ment into the estuarine basins at their mouths. Deposits 
formed in such shallow basins of limited extent are found all 
around the borders of the Ozark uplift, except on the west 
where the proper horizon is not exposed and where the land 
mass continued. 

In the particular region under discussion the subsidence 
lasted. throughout the period, as is shown by the overlapping 
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of each stratum beyond that which is under it. The basal 
sandstone was formed partly from the residual material left 
on the surface of the Ozark series when subjected to atmos- 
pheric action, and partly from material (mostly lime in solu- 
tion) brought down by the streams from the land on the north 
and east. Animal life of forms easily preserved was nearly 
absent. This constitutes the first epoch. 

A deepening and broadening of the basin instituted the 
second epoch, which was characterized by its abundance of 
animal life and especially by the prodigious quantities of 
erinoids and kindred forms which lived and died and gave 
their debris to make the deposits of this epoch. The basin 
evidently had free communication with the open sea, and its 
waters were salt. The streams also which emptied into the 
sea near this locality must have been remarkably free from 
sediment of any kind; during the long period required for the 
accumulation of three feet of crinoid debris, wholly of small 
species, the amount of sediment brought from the land was 
very little. 

The third epoch was characterized by a still broader but 
slightly shallower basin, less animal life, or at least more 
rapid deposition of sediment brought by the rivers from the 
land, which was deposited as a ealcareo-argillaceous mud to 
harden into shaly and "amorphous'' limestones. 

In the fourth epoch the basin was still more extensive but 
yet very shallow, and fine clay sediment was being rapidly 
deposited, excluding the majority of the animal species which 
had previously inhabited the basin. The deposits of this last 
epoch, making up the Eureka shale formation, vary from a 
few inches to 35 feet in thickness; but I believe that they do 
not indicate any great length for the epoch. 

With the earth movements which inaugurated the Lower 
Carboniferous age, this region was greatly depressed and the 
surrounding land surfaces were submerged. Hence the base 
of the Kinderhook strata, although conformable to the Eureka 
shale, overlaps it to a vast distance. 

The correlation of the several members of the Devonian in 
this region with the divisions of the system recognized in 
other states is impossible until the paleontologic contents of 
these strata have been thoroughly studied and compared with 
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the faunas of other regions. This paper has been prepared 
principally for the purpose of drawing attention to the exist- 
ence of these strata in the southwestern comer of Missouri, 
and to perhaps induce some competent paleontologist to un- 
dertake the task of deciphering the history and meaning of 
their contents. Since the beds here described occur in a some- 
'^ hat isolated basin and were separated from the deposits in 
central Iowa by an extensive land surface, which in Devonian 
time had perhaps a thousand miles of shore line between the 
two basins, it would be of interest to know what difference, if 
any, existed between the faunas of the two regions, and what 
effect the probable inflow of large quantities of fresh water to 
this more southern basin had on its contained life. 

Although at present unable to correlate the formations on 
paleontologic grounds, I wish to make a few suggestions as to 
what correlations are indicated by the lithologic and strati- 
graphic relations of the deposits. The uppermost horizon of 
Devonian age in the Mississippi valley is almost invariably a 
shale, either black or green. In central Iowa it is known as 
the Hackberry shale ; in southern Illinois it is designated as 
the Green shale; and it is described as occurring in the form 
of a black shale of very variable thickness through the Ozark 
hills in Arkansas, westward to and beyond Eureka Springs, 
where it is correlated with the Eureka shale of southwestern 
Missouri. I think it very probable that the correlation of the 
Eureka shale with the Green shale of southern Illinois will be 
found to be correct; but its relations to the Hackberry shale 
of Iowa are not so certain. 

Lithologically the shaly limestone under the Eureka shale 
is similar to portions of the ('edar Valley limestone of Iowa. 
Moreover, it has been subjected at one place in Stone county 
to the peculiar brecciation and contortion which are so char- 
acteristic of the Cedar Valley limestone. This peculiar kind 
of primary deformation of strata is not common to other for- 
mations in the upper Mississippi valley, and it may have been 
confined chiefly to a given period or epoch of geologic time. 
In short, I feel reasonably certain that the shaly limestone of 
my section will be found to be the equivalent of the Cedar 
Valley limestone of central Iowa. 
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^ The erinoidal limefttone under it I will not attempt to corre- 
late, as that can best be done by means of its paleontologie 
relations; and the bltsal sandstone is undoubtedly only a 
local development, depending on local conditions, and there- 
fore not to be correlated with any sandstone formation in other 
parts of the country. 



GEOLOGY AT THE BRITISH ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE. 

By £. W. Clatpole, AkroD, Ohio. 

The sixty-fifth annual meeting of the British Association 
for the Advancement of Science began at Ipswich on Wednes- 
day, September 11th. Ipswich is a town of about 60,000 peo- 
ple, situated on the east coast of England. It was the birth- 
place of cardinal Wolsey and many of the historical incidents 
and waymarks of the place are connected with him and the 
events of his life. 

The department of geology was well represented and some 
old familiar faces were present. The president of the section, 
Mr. Whitaker, delivered an address on the underground waters 
of Suffolk, tracing their origin and flow in an imaginary sub- 
terranean excursic»n. The rest of the day was spent by many 
of the sectional members in an excursion to the chalk pits and 
Eocene beds at Bramford. 

On Friday morning sectional work began in earnest wnth a 
paper by Prof. Sollas. of Dublin, on the action of pitch in some 
artificial glaciers of that material, with which he had been ex- 
perimenting. Placing a mass of pitch in such a position that 
one end was higher than the other he distributed foreign ma- 
terial of various kinds in the mass and placed obstacles in its 
path. On examination after an interval of several weeks he 
found that almost all the planes then formed in the pitch 
had been bent uj> on meeting each obstacle and had formed 
curved lines of flow over it, returning approximately to their 
former course after having passed it. In this way he proposed 
to explain the elevation of glacial detritus, such as perched 
blocks, from lower to higher positions. He quoted in support 
of his views some photographs taken by Prof. Chamberlin in 
Greenland in which stones and other material were seen en- 
tering the ice at the side of the glacier and riding through it. 
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His address was illustrated with numerous photographs which 
were projected upon u screen. A lively discussion followed in 
which Mr. Godwin Austin, Mr. P. Kendall, Dr. A. Irving, Rev. 
E. Hill and Profs. Fitzgerald and Claypole took part. Various 
suggestions and criticisms on the material and the method 
were made, but the general opinion seemed to be that Prof. 
Sollas had entered on a valuable and interesting series of ex- 
periments and the hope was freely expressed that he would 
continue them. 

Prof. Scott, of Princeton, followed with a paper on the Ter- 
tiary lacustrine formations of North America, with lantern 
illustrations. He briefly but clearly sketched the geological 
history of these North American Tertiary beds of the West, 
especially of the Bad Lands, — the Puerco, the Wahsat<ih, the 
Bridger, the Uinta, the John Day and the Loup Fork — show- 
ing that they were all the deposits of fresh water lakes that 
occupied dilferent areas in the region during Tertiary time. 
Each of these he illustrated by some of the remarkable forms 
of life by which it is characterized. 

At the reception by the Ipswich Scientific Society and the 
Suffolk Institute of Archeology on Thursday evening, Prof. F. 
W. Petrie exhibited a set of the stone and metal articles found 
during his recent researches in Egypt. These varied from 
paleoliths, or instruments of paleolithic type, to flints of the 
most perfect pattern and finish that can well be conceived. 
With them were bronze articles of various dates but the oldest 
were coeval with the exquisite neoliths above mentioned, 
which are assigned by their discoverer to about 3000 B. C. 

The address of the president. Sir Douglas Galton, on Wed- 
nesday evening consisted of an extensive review of the prog- 
ress of the difi^erent sciences since the former meeting at 
Ij)swich in 1861. but as ge(»l()gy received only a j)assiiig men- 
tion it would be irrelevant to dwell further upon it here. 

On Saturday interest was divided between the business of 
the section room, where Prof. O. C. Marsh delighted an appre- 
ciative audience with an account of his discoveries and resto- 
rations in the great Tertiary deposits of the far West, and an 
excursion to see the English Pliocene of the county — the red 
and coralline crags. These beds are very local and are charged 
with shells in great profusion and freciuently in good (*ondi- 
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tion. Uiid'-r the guidance of Mr. Whitaker and Mr. Reid pit 
after pit wan visited, and the only regret was that the time 
allowed only a hrief stay in each— enough to tantalize and too 
little to satisfy. The evidence of a fall in temperature be- 
tween the coralline crags below and the red crag above, shown 
by the fauna, was pointed out and an aV>undance of the crag 
Mollusca was carried off in bags and boxes. A second visit 
was made on the following day under the same able leader- 
ship to several other quarries in the crags near Sutton, and 
fresh collections were made. 

The French and Belgian visitors to the meeting were heard 
on Monday morning. M. Dollf iiss stated his views on the ex- 
tent of the sea in western Europe in late Tertiary time and 
they elicited a lively dis<nission in which numerous geologists 
took part. He considered that in Pliocene days a land barrier 
existed across the English channel and extended northwest- 
ward to the Faroe isles and to (Treenland, and that the fossils 
of the English crags were the remnants of the life of the sea 
on the north of the barrier. Others were disposed to place 
this barrier farther to the northward. Mr. Van-den-Brock then 
spoke on the present knowledge which we possess concerning 
the upper Tertiary of Belgium. After these papers were read 
and discussed a number of reports of less interesting but very 
valuable nature were read or taken as read, and the section 
adjourned to visit the crag and coprolite beds of the vicinity. 

The last morning, Tuesday, was occupied with three plapers 
on the exploration which has for some years been proceeding 
into the deep strata underlying the London basin. They con- 
tained the details of several borings anil the cores were shown 
(cut by the dianumd drill) out of a hard argillaceous rock 
whose dip was at a high angle, even up to the vertical, and 
which showed signs of strong movement and pressure. The 
age of this stratum was uncertain, opinion hovering between 
a Carboniferous and a Silurian date, but no doubt was enter- 
tained regarding its Paleozoic age, and it was considered as 
another link in the chain of subterranean investigation that 
has been for many years in j)rogress. An ingeneous but slow 
and very la])orious method of determining the azimuth of this 
dip was next given by Mr. Francis, the results of which ap- 
peared to be conclusive, but the method itself was too costly 
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and tedious to allow even a hope of its frequent employment. 

Prof. E. W. CI ay pole followed with two papers, one on the 
fossil cladodont sharks of Ohio and the other on the fossil 
placoderms of the same region. Both are of upper Devonian 
age and the species are too well known to require lengthy 
mention in this journal. 

Two or three reports on geological subjects closed the 
business of the section, which then adjourned to meet at Liv- 
erpool in 1896. 

A growing opinion is evident that for the geologists the 
proper and most instructive place for h(»lding a session is out 
of d*iors, in the pits and quarries, and in accordance with this 
view more and more time is given to excursions to places of 
geological interest around the town of meeting, the sessions 
in the room being correspondingly shorter. Besides the trips 
already mentioned theri^ followed on the Wednesday one to the 
coprolite beds lying on the Lcuulon clay, and on the Thurs- 
day one to Cromer to see the pre-lJlacial forest bed at the foot 
of the cliffs exposed at low tide only, another to see the col- 
lections at Cambridge as well as the other places of interest 
in that city, and a third to Brandon in Suffolk to see the "tlint- 
knappers" at work. In this last named place the manufacture 
of flint tools of various kinds has been carried on continu- 
ously, or nearly so, from prehistoric to present time. The 
ground is tilled and the surface is strewn with chips and flakes 
left by the old workers whose modern representations are em- 
ployed solely in the manufacture of gun-flints. 

Ipswich is one of the several English towns of its size, — 
about 60,000 people, — that possess an excellent museum, the 
geological department of which includes a very large and well 
arranged and named collection of the Tertiary fossils of East 
Anglia, enabling visitors to name their own specimens. The 
condition and amount of labor that have been spent on the 
work are honorable alike to the t(>wn of Ipswich and to those 
of its citizens who have devoted tf\eir time and study to its 
geology. 
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SECTION OF THE EOCENE AT OLD PORT CADDO 

LANDING, HARRISON COUNTY. TEXAS. WITH 

NOTES UPON A COLLECTION OF PLANTS 

FROM THAT LOCALITY. BY 

F. H. KNOWLTON.* 

By T. Watlaxd Vacgbax. Wa.^hinirtoa. D. C 

The *K»r»urrem'e of foss^il plants at Port Caddo landing and 
the interesting section seen there have for a good many years 
bwn known to the writer. In the summer of 1888 he made a 
collection of plants, which, still unstudied, are now in the 
muBeum of Tulane University at New Orleans. In the 8ummer 
of 1894, acting under instructions from Mr. Robert T. Hill, the 
writer had the opportunity of again visiting the locality and 
making a collection of plants for the U. S. Geological Survey. 

The following is a des<'ription of the se<'tion, from the cor- 
ner of McCathi-rn's field west to the landing on the south side 
of the road, Wginning at the top: 

1. Irregularly stratified sands and clay, about 10 feet. 
Above this bed in the vicinity red sands fxjcur. 

2. Re<ldish nearly pure quartz sands, sometimes cross- bed- 
ded : linionitic geodes and fossil wood abundant. 50 feet. 

8. A zone intermediate Ix^tween 2 and 4, lOor 16 feet thick. 
In sands coming just below 2 are water- worn boulders of clay 
or r»f laminate<l clay and sand. The boulders vary in size from 

that of a pea to that of a man's head. In the lower part of 

* 

this bed are br(»ken and contorted masses of clay, which may 
attain a size of several feet in length and a foot in thickness. 
The stratification planes of the separate masses of clay are 
set at all angles. There are also interlocking tongues of clay 
and sand. Helow this zone of disturbance a sand bed was 
seen. 

4. Interbedded sands and clay^: stratification, so far as 
seen, regular. The clay is of a bluish color, and the sand gray- 
ish. One small lignite seam was observed. Thickness 56 to 
60 feet. 

5. Poor lignite, 2 IVct, l1-equently replaced by iron ore, iron 
sandstone or impure limestone. These masses of limestone of- 
Um appear like huge boulders, but up(m close inspection their 
origin may be discovered easily. The}" are only replacements 

♦Publishiul by ix'rniission of the Diroft<)r of the U. S. Geological 
Survey . 
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of the carbonaceougi matter of the lignite. From the iron 
sandstone and limestone masses many excellently preserved 
fossil plants were collected. From this stratum the plants 
identified by Prof. Knowlton were obtained. 

6. Thinly laminated bluish clay and sand, to water's edge, 
13 feet. The section has a slight southerly dip. The meas- 
urements were made with an aneroid barometer. 

A few yards to the north of the road leading from the cor- 
ner of McCathern's field to the landing, in a ravine near Bon- 
ner's spring, the following is seen : 

1. Red clay, 3 or 4 feet. 

2. Gray, blue or whitish sand, with some clay, containing 
water- worn boulders of laminated sand and clay, 16 feet. 
These boulders upon being split reveal good impressions of 
leaves. 

3. Blue clay, a few inches. 

4. Lignite, 4 feet. 

Two of this section represents 3 of the first section. 

The interesting part of the above section, aside from the 
plants, is the interpretation of the phenomena seen in 3 of the 
first section and 2 of the second. There has certainly been 
some erosion. Is it only a local unconformity, or do the sands 
with the boulders, etc., at the base represent what Mr. McGee 
has called the Columbian stage? After studying all that he 
could find at Port Caddo the writer was not able to reach a 
positive conclusion, but from the sands apparently passing 
below other stratified clays, of Eocene type, he is inclined to 
believe that we have an instance of local unconformity in the 
Eocene. Until the stratigraphy can be studied in more detail 
a positive opinion cannot be expressed. 

Near Jonesville, Texas, rounded boulders of lignite have 
been found by Dr. Otto Lerch* and the author. 

Around Port Caddo the superficial sands give the character 
to the topography of the country. These sands erode very 
easily and steep ridges with round lateral lobes, separated by 
deep gulches, are formed. The vegetation is pine. Often the 
sands of the surface are indurated by ferruginous cement into 
iron sandstone of a good quality. This sandstone constitutes 
a resisting stratum that caps the hills, below it precipitous 
slopes and deep gulches being developed. 

♦Report Geol. Hills. N. La., pt. ii, p. 87. 
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In thi8 vicinity lignite is extremely abundant. We know 
these beds are Eocene, but to what stage of that series U^ re- 
fer them is a difticult question. The opinion was expressed 
by the writer in a recent article that they were of Lignitic 
age.* Unfortunately the determination of the age of our Eo- 
cene deposits depends entirely upon the fossil animal remains, 
because no systematic study has been made of the floras. Di- 
visions founded upon mere lithologic characters are insuiti- 
cient, as lignitic strata are found in every division of the 
Eocene. At present the determination of the age of any part 
of the lignitiferous E(H*ene of the Gulf states depends entirely 
upon a minute knowledge of the stratigraphy of the surround- 
ing regions in which marine fossils have been found. On a 
blue-print map which has recently been distributed by W. 
Kennedy, entitled "Map showing Areal Distribution of the 
Eocene Tertiary in East Texas, Compiled from (xeological 
Surveys," it appears that most of the beds devoid of marine 
fossils and consisting of lignitic strata have been designated 
as of "Lignitic" age. The present writer doubt« the correct- 
aess of this. 

The reason for considering the Port Caddo section of Lig- 
nitic age is because Mr. Harris in his report on the geology of 
southern Arkansas has indicated the Lignitic-Claiborne as 
punning to the headwaters of the lakes developed along the 
Red river. His work was l)ased upon both careful paleonto- 
logic work and field study. The streams in northwestern 
Louisiana and the adjoining part of Texas, i. e., Red river. 
Cypress bayou and the other streams of that type, have cut 
far down into the t'orniations upon which their courses lie. 
The eh'vation at Jctl'crson, Texas, is 281 feet; at Shreve])ort, 
Louisiana, it is 185 feet. It would seem most probable that 
into this hiw-lying country along these streams where there 
had been so much (M'osion that we would find an extension of 
the Lignitic from Arkansas. Capping the highlands sur- 
rounding this eroded area, to the east, south and west we have 
ntmuins of the mariiu* (lower Claiborne) beds. In the vicinity 
of Daingertield, which is northwest of Port Caddo, at an ele- 
vation of 400 feet, there is an area of the marine beds.f At 

♦Amkk. (iKol.. vol. \v, J). 2(M», A pi 11. ISlC). 
tKi'iint'dy's \\\\\\\. 
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Marshall, Texas, which has an altitude of 375 feet (from T. 
A P. R'y elevations), an area of the marine beds occurs. The 
beds at Port Caddo, at least in their lower portion, are litho- 
logieally like those called "Lignitic." From these data it 
would seem that there is little doubt regarding the correct- 
ness of the age that is suggested, for the lower part of this 
section. 

The Eocene fossil plants offer a most interesting lield for 
study, as probably th^y will ultimately aid us in the correla- 
tion of our great southern plant-bearing beds with the plant- 
bearing beds of the west. Prof. Knowl ton's accompanying 
report shows this, and Messrs. Penrose* and Hillf have made 
important remarks bearing on the same problem. From Lou- 
isiana Lesquereux* has identified fossil plants collected at two 
localities. 

In the following table I have placed alongside each other the 
lists from I^squereux's paper and from Prof. Knowlton's: 
Port Caddo Land- Campbell's Quarry, 2 miles N. of Mans 

Cross Lake, La. 



iNG, Tex. 
Salix tcd)ellaris? Lx. 
Magn olia la uri folia ? 

Lx. 
M. oralis Lx. 
Juglans appressa Lx. 
FicxiB schimperi Lx. 
Ficus, n. ep. 
Ficusj n. 8p. 
Cinnamonum afflue 

Lx. 
0. mutHiiisippievue Lx. 
LauruH or Litsa'a^ n. 

sp. 
Juglann? n. sp. 



FIELD, La. 
MagnoUn laun folia 

Lx. 
Ficus Hpectahilis Lx. 
Aralia fragment. 
Platan its gv illemi v 

Gftpp. 



Sapindns angustifo- 
tins Lx. 

S. caudatvs Lx. 

S. coriaceus Lx. . 

Magnolia lanrifolia 
Lx. 

Laurus social is Lx. 

L, utahennis Lx. 

RhamnuH clehnnii 
Lx. 

R, eridani Ung. 

Cai'ya ant iq ii a ? Ny . 

QiiercuH angnaiiloba 
AI. Br. 

Ficns goldiana Lx. 

F, goldiana Lx., var. 

Hpectahilis Lx. 

Ph ragm ites oen in gen - 

sis Lx. 

It is quite probable that the bed from which I obtained the 
f^pecimens at Port Caddo landing and that from which John- 
son obtained those sent bv him t(> Lesquereux from Cross lake 

♦let Ann. Rep. Geol. Survey Texas, p. 21, 189(). 

tNeozoic Gieol. of Southwestern Ark.: Ark. Geol. Survey, pj). 02-65, 

tProc. U. S. Nat. Mus., vol. xi, for 1888, pp. 24-25, piiblishwl 1889. 
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are of the nanie age. I have maintained the opinion that the 
31an8field group, from which the sjHJcimens two milet^ north 
of Mansfield come, is of lower Claiborne age. 

The object of this brief paper is: 1, to call attention to the 
phenomena seen in bed No. H of the first section and in bed 
No. 2 of the second section ; 2, to emphasize our lack of data 
for a thoroughly satisfactory correlation of the plant bearing 
beds of the Eo<*ene of the Gulf states; 8, to call attention to 
the excellently preserved fossil plants found at Old Port 
Caddo landing. 

The following is Prof. Knowlton's report: 

Report on n nniull CoUecJion of Fosail Planttt J'rom Old Port 

C(t(f(lo Landintjy on Little Cypretot Bai/on^ Jlarriaton Conn- 
tif, TexuH^ mmle. by Mr, T. Waylaml Vanyhan. 

A somewhat hasty study of this material gives the follow- 
ing results: 

Sntix taheflftris/ Lx. A single rather doubtful leaf. 

Jfoynolift funri/olia/ Lx. A fragmentary leaf that seems 
to belong to this species. 

May noli o oral in Lx. 

J ny Ian ft appreana Lx. 

Ficns sell ini peri Lx. 

Firus. n. sp. A large leaf four and one half inches wide 
with wedge-shaped base. 

Firns^ n. sp. Also a large leaf, bat with a broad rounded 
base. 

Cinnant(tniinn a pine Lx. A number of leaves of this s|)e- 
cies, all well determined. 

Cinnawoininn nuifsiasippiense Lx. This is represented by 
only one leaf. This species should in all probability' be re- 
ferred to ('. (fftine. 

Lanrna or Litmva^ n. sp. A line leaf and well preserved. It 
resembles a number of described forms, but differs from all in 
well marked particulars. 

Jnylans/ n. Hp. A number of doubtful fruits are possibly 
of this genus. They are hardly well enough preserved to ad- 
mit (»f characterization. 

Frttyntents. 

This material appears to belong to the so-called eo-lignitic. 
Of the seven species determined specifically four or five have 
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been found outside of this formation. The others have been 
detected in a number of places, notable in the Denver beds 
of Colorado. They are too few in number, however, to base 
very definite conclusions on. 

Only one short paper has ever been prepared on the Ifliora of 
this eo-lignitic group, and while there is much material in 
hand there is at present little that may serve as a basis of 
comparison between it and other localities. Most of the spe- 
cies are peculiar to these beds, but a few have been found in 
the Denver (upper Laramie) beds of Colorado. It is alto- 
gether probable that w^hen this eo-lignitic flora comes to be 
thoroughly worked up it will be found to correspond very 
closely with the Denver beds. Until more systematic work can 
be done it is manifestly impossible to generalize further. 

Very respectfully, 

F. H. Knowlton, As«t. Paleontologist. 



EDITORIAL COMMENT. 



Professok Heim\s Letter. 

In answer to the criticism by Prof. Heim of my statement 
of the prize essay incident in the sixth session of the Inter- 
national Geological Congress, I refer for corroboration of every 
detail but one as printed in the American Geologist (vol. 
XIV, no. 4) to Prof. Capellini, who I feel sure will confirm my 
notes taken at the time the statements were made. The one 
exception is the amount of the prize, which is not distinctly 
stated in my notes and for which J doubtless trusted to my 
memory. 

Prof. Heim is in error in stating that in returning the man- 
uscript to Prof. Capellini he has "done as iV (i. e. the Con- 
gress) "decided.'' The Congress refused to meddle with the 
question. 

I am not familiar with the use of the German language 
which designates the seventy-ninth recurrence of a natal day 
as the eightieth birthday, and if this be the custom in Ger- 
man Switzerland I own that I should have made an error had 
I attempted to designate such an anniversary. But my ig- 
norance, which I confess and deplore, lias nothing to do with 
the case since I n(>where hazarded an assertion in the sentence 
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which is the basin of niv learned cri tie's strieture. After stat- 
ing that Prof. Heini had extended the good wishes of the 
Congress to Cieheimrath Beyrieh on the occasion of his eigh- 
tieth birthday, I added, *-Thegood feeling was very hearty and 
spontaneous, but the recipient seemed somewhat embarrassed 
by it; perhaps for the reason, which he explained to your 
correspondent, that he does not attain his eightieth birthday 
till next year/' 

Unless, therefore, I mistook the intent of Geheimrath Bey- 
rich, it was he not 1 who noted the discrepancy, and it was 
he who must have been unfamiliar with the use of the Ger- 
man language in this particular. 

As to the **numerous misunderstandings" in my letter of a 
year ago, which my distinguished reviewer will not mention 
because they do not att'ect him, 1 should be glad to hear from 
those they do affect and I promise to promptly withdraw if I 
cannot justify these ^^misunderstandings." 

Persifok Fkazkk. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Fourteenth Ainnml HejKtrt of the United States Geohtyfcal Surrey Ut 
the Secretary of the Interior, isir^-'UH, By J. W. Powell, Director. 
(Part I: Report of the Director, 321 pa^es, with map (plate i) showing 
progress of the t()i)ograj)hic survey. 1893: Part II: Accompanying Pa- 
pers, XX and 597 pages, with plates ii lxxiv, and 75 figures in the text, 
1894.) During the year of this report the appropriations for the survey 
were much diminished, requiring important changes in the plans of 
work and reduction in the number of geologists and assistants employed. 
Topographic work received $249,200: strictly geologic work, $63,700; 
paleontologic work. $14,000: chemical w(»rk, $8,000: preparation of il- 
lustrations, $5,000: the rei)ort on mineral resources, $10,000; purchase 
of books, etc., $2,000: the engraving of geologic maps, $10,000; and rent, 
$4,200. The topographic surveys t)f the year were platt-od on 91 atlas 
sheets, bringing the total number of surveyed sheets up to 785, repre- 
senting 573,000 8(juare miles, or about a sixth part of the entire national 
domain, excepting Alaska. 

In Part I the Director's rejiort fills 1G5 pages, and the remainder of 
this volume coinjjrises the twenty-eight administrative reports of chiefs 
of divisions and heads of independent parties, besides the abstracts of 
disbursements for the survey, which last occupy 40 pages. 

Part II contains the geological map of the United States by W J 
McGp:e, of which notices have bo?n given in previo.is numbers of the 
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American Geologist (vol xvi, pp. 61, 113, July and August, 1895); a 
paper entitled "The Potable Waters of eastern United States," also by 
Mr. McGee, in 47 pa^es, with five fif^ures; "Natural Mineral Waters of 
the United States," by A. C. Peale, in pages 49-88, with two maps; 
"Results of Stream Measurements," by F. H. Newell, in pages 89-155, 
with two plates, and 19 figures; "The Laccolite Mountain Groups of 
Colorado, Utah and Arizona," by Whitman Cross, in pages 157-241, 
with ten plates and 19 figures; "The Gold-Silver Veins of Ophir, Cali- 
fornia," by Waldemar Lindgren. in pages 243-284, with two plates; 
"Geology of the Catoctin Belt" [beginning in the south edge of Penn- 
sylvania, extending across Maryland and into Virginia], by Arthur 
KEfTH, in pages 285-395. with 21 plates and one figure; "Tertiary Revo- 
lution in the Topography of the Pacific Coast," by J. S. Diller, in 
pages 397-434, with eight plates and four figures; "The .Rocks of the 
Sierra Nevada," by H. W. Turner, in pages 435-495, with twelve plates 
and three figures (a paper which was summarized by the author in the 
American Geolooist for April and May, 1894); "Pre-Cambrian igneous 
rocks of the Unkar terrane, Grand Canyon of the Colorado, Arizona," 
by Charles D. Walcxxtt, with'notes on the "Petrographical Character 
of the Lavas," by Joseph Paxson Iddinus, in pages 497-524, with six 
plates and two figures; "On the Structure of the Ridge between the 
Taconic and Green Mountain Ranges in Vermont," byT. Nelson Dale, 
in pages 525-549, with five plates and eleven figures: "The Structure of 
Monument Mountain in Great Barrington, Massachusetts," also by Mr. 
Dale, in pages 551-565, with two plates and eight figures, and "The 
Potomac and Roaring Creek Coal Fields in West Virginia," by Joseph 
D. Weeks, in pages 567-590, with two maps and three figures. 

Presenting so many reports of important special investigations, this 
volume is one of the most valuable in its series. The Umgest of these 
reports, by Mr. Keith, gives the following approximate ratios of the du- 
ration of Tertiary and Quaternary time, derived from comparisons of 
their relative amounts of denudation in the district comprising the Ca- 
toctin mountain, namely, the Tertiary era, regarded as extending to the 
end of the Lafayette period, L34; the early part of the Pleistocene jjeriod, 
1; its later part, 5[« ; and the Recent peri(xl, a small fraction. If the Ice 
age and subsequent time have included about 60,000 years. Tertiary time 
was, according to this estimate, about 4,000,000 years, and the geologic 
record from the dawn of life on the earth would be, according to Dana's 
ratios for the great eras, some sixty to a hundred million years, w. r. 

Republication of Descriptiomt of Fossils front the Hall Collection in 
the American MuHeum of Natural History^ from the RejX)rt of Prog- 
gresftfor 1861 of tlie Geological Survey of Wisconsin, by James Hall^ 
with illustrationn from the original type six^cimens not heretofore fig- 
ured. By R. P. Whitfield. (Memoirs Amer. Mus. Nat. Hist., vol. i, 
pt. 2, roy. 4to, pp. 39-74, pis. iv xii, 1893.) Professor Whitfield has done 
a genuine service to American paleontology in the illustration of these 
hitherto almost unrecognizable Silurian species published nearly 
thirty -five years ago. Paleontologists who havo had occasion to study. 



312 lite American GeoloyiMt. November. i8» 

of late years, fossils of this formation from the state of Wisconsin or its 
vicinity have been at a greB.t disadvantage from the difficulty in getting 
clear conceptions of important species from their brief preliminary de- 
scriptions. This embarrassment has especially been felt by the workers 
who have recently been engaged in the preparation of the volumes on 
the paleontology of Minnesota, and probably they will lament most 
loudly the late appearance of these illustrations while rejoicing that the 
unfulfilled promise of the state of Wisconsin to Prof. Hall has been so 
well redeemed by Mr. Whitfield. 

The s})ecies considered are all of Trenton age with one exception 
(MelocrinuH nodoHun from Devonian drift) and the generic determina- 
tions are wholly those of Hall, except where the author had himself in- 
troduced a generic term, Calliihamiiopsh, based upon one of these 
species, Oldhamia fruticosa Hall. Mr. E. O. Ulrich's generic designa- 
tions for the Lamellibranchiata are not recognized and a considerable 
number of that writer's species described in his report for the paleon- 
tology' of Minnesota are here included in the synonymic lists. The work 
maintains the magnificent proportions established by the first number 
of these memoirs, and the plates (with the exception of the first, which 
is a photo-engraving representing certain algous fossils, a part of which 
the author had described in another paper) are exquisite examples of 
lithographic drawing and printing. J. m. c. 

Amnwniten-Brat mit Aptychm in fler Wohnkaminer von Oppelia 
uterdspis Oppel sp. By R. Michael. (2^itschr. der deutsch. geolog. 
Gresellsch., vol. x^vij pp. G97-702, pi. liv, 1895.) The author describes a 
fossil of notable interest to the paleontologist. In the body -chamber of 
an ammonite, whose aperature is closed by^an aptychus in nearly its 
normal position, is a cluster of some sixty minute aptycbi with remnants 
of diminutive shells. The 8|)ecimen suggests some important facts 
which are duly emphasized by the author; that the brood of the am- 
monites after becoming free from the ovisac are carried about for a time 
in some part of the habitation-chamber; that the aptychus or opercu- 
lum is developed very early in the life of the animal and hence its func- 
tion is of serious importance to the organism. The specimen is from 
Solenhofen. J. m. c. 

Revision of the Fauna of the Gnelph Formati(ot of Ontario^ xcith de- 
scriptions of a few new siweiesy and 

Systenuttic list, with references, of the Fossiis of the Hnd^on River 
or Cincinnati Formation at Stony Mountain, Manitoba. By J. F. 
Whiteaveh. (Geological Survey of Canada, Palaeozoic Fossils vol. 3, 
pt. 2, pp. 45-128, pis. 9-15. Sept., 1895.) Since the first description 
of fifteen species of fossils from the Guelph by Hall in 1852, and twenty- 
one additional species by Billings in 1862 and 1865. further contribu- 
tions to the fauna have been quite desultory. The dolomitic character 
of the rock and the condition of preservation of the fossils are such that 
fine cabinet specimens are rarely obtained and their study is somewhat 
difficult. *'Of late years particular attention has been given to the col- 
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lectiiig of natural moulds of the exterior of shells of Gasteropoda, etc., 
from this formation, as it has been found that gutta jiercha impressions 
of such moulds often give much more information about the exact shape 
and surface markings of the shell than can be derived from mere casts 
of the interior." The further light thrown upon the Upper Silurian 
Qasteropoda by LindstrOm's researches in Gotland has made it desir- 
able and practicable tr^- review all the species thus far known from the 
Guelph formation of Ontario. The author now brings together about 
one hundred and thirty species from this horizon, of which six are new. 
The entire numl)er is distributed as follows: Corals 12 species. Hydro- 
medusae 6, Brachiopoda 25, Pelecypoda 10, Gasteropoda 54, Cephalo- 
poda 15, and Crustacea 7. The absence of echinoderms and the abun- 
dance of gasteropods are conspicuous features. Amcmg the latter, 
Pleurotomaria and MtirchiHonia nre the most diversified types. The 
trimerellids are the dominant brachiopods and give a peculiar aspect to 
the fauna. 

In. the second paper an annotated list of nearly sixty species is given 
from the only known locality of the Hudson River group in Manitoba. 

c. E. B. 

Fauna foail tie la Sierra de Catorce San Luis Potosi, y Jcxse G. 
Aguilera. (Comision Geologica de Mexico, Antonio del Castillo, Di- 
rector, Boletin Num. 1, 55 pp., 24 pis., 1895.) The first memoir of a new 
series of publications by the Mexican government is a welcome contri- 
bution to our knowledge of North American Mesozoic geology. In at- 
tempting to establish the existence of the Jurassic as a well defined 
formation in that part of the continent, the evidence of recently discov- 
ered fossils is relied upon. Most of the 8i)ecie8 considered are described 
as new, the many and minute comparisons which are made with allied 
forms in other parts of the world is an admirable feature in aiding pale- 
ontologists to better understand the true character of the fauna studitKl. 
The fossils are for the most part cephalopcKls, though the brachioixxls 
and lamellibranchn are comparatively well represented. Most of the 
material upon which the investigations are based is evidently in a good 
state of preservation, but it is rather unfortunate that better illustra- 
tions were not prepared for some of the forms. With the methods em- 
ployed in the repnxluctitm of the illustrations the details of the highest 
specific and generic imjiortanco are largely obscured and in some cases 
entirely obliterated. c. k. k. 

Bureau of Mines (tf (>nt(iri(p, Fonrtli Report, 1SU4. .Vrchibald Blue, 
Director. (8vo, pp. vi, 2()1: maps and illustrations of the Rainy River 
district; Toronto, ISIK").) The contents of this volume are: 1. A general 
discussion (pp. 7-34) of the condition of the mining industry of Ontario 
during the year, with particular reference to certain branches in process 
of development at present. 2. A chapter (pp. .T) 100) on "(iold in Onta- 
rio,'' with particular description of the Rainy Lake gold region, by Dr. 
A. P. Coleman. .'}. A compiled account (pp. 101-138) by Mr. T. W. (fibs(m 
of the **Hinterland of Ontario," by which is meant the region lying be- 
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tv^en lakf^ Hun« a»l Sofv-rvv r« th^ i>>atli ami Alfasaj riwr 
Jamm bar r^i th«- iy»rth. i. A efaapt^r 'pp. 13^166' on calcsam 
and ^cftytt-w eras, v^jomgtmg fA ^xtrada fnjm artieka \f% ViiiaD B. 
l«>v«^ T. L. Wilimio and J. Sucknt. 5. Aocoiuit o# the ftrpa to 
taken t<» pnn.nir*' th#- aanatanc^ off the isoTifmiiieiit in ■■>^>ri-ff <1ia«w^ 
drill expk^ratjrxw^ »1 A chapter pp. 177-199' oo **NiclDel and its Uan^** 

7. Mioinsr ac-cidente pp. ISX^tl^ . 8. SamBWY miiuii^ a ch o oia «pp. 216- 

2S2>. iK Fiftb Report of the Inapeetor off Minea <pp. 2SI-3S3.. 

The principal article and the one vhich reprvceota the la ij^iat aaMMmt '^ 
of original e»^>k«rical vork iff the oo^ bj Dr. C oleman oo p^old in Onta- — 
Ho. The deflcriptir« <4 the rricks of the Rainy Lake re^ioo ia haard oo ' 

Lavflr»n> claMnficaticn. and in other rrapecta agreea vitfa the main facta -^ 
as f«et f^irth in th^ twenty third Annual Report off the Gcolofncal and I 

Natural Hi*tor> Surrey of Minnesota. The rieva off Winciiell and ' 

Grant af to tb<* relatire ages of the Knuiite and gabbio o# Shoal and 
Bad Vermilion iake« are beld by Dr. Coleman to be more probable than 
those exprpflRed by Dr. Laaaon. 

The fTpneral I'^^tnclusitfiQ reached ia rather ctaMervative aa to the praa- 
pecta for {ri»ld iDiciD^. although »>me of the sample* aasayed gave vefr 
frond results and portims of the district, e spec ia lly the Seine Rirer le- 
gion, are considered quite promisintr. 

\ few errors of fact have crept into this report from a lack o# perfect 
familiarity with the n^ic. Thu5 it may be pointed out that the wa- 
terftof Rainy lak*- an' usually not turbid n<ir brownish, but <Hear and 
colorlej«8: that tn*iit frequent its waters, liass are not unoommoD in sur- 
rouniliDsr lakr*: ami the drainage is not into Red river: that the coat of 
millin;: at the Little American mine is not given in the Minnesota re- 
fiort as $T i>er t«»n. It woukl apiiear that the preference of the term 
"lietlditr* rather than •* segregated" as applied to the veins in the green 
schiitt is not w«4I fimndetl.for as the writer himself states, the veins have 
probably had an «>ri;nn similar to that of the fissure mns and therefore 
are not « »f ih- natun:* of in terstra titled deposits or lieds, but rather formed 
by the action «•( neinvjiatiiin in its bn:«idest sense. The report as a whole 
gives a tro<d itlea of the ge*iKig>- and developments of this new district 
and will In* u.««-fui to all interesteil in the resrion. 

The Ontario Bureau of Mines is doin^ a g»xxl wi>rk and doing it well. 
Many nf our slates could do w«irse thaa to ec»py the example of Ontario 
and estal>lish a mining department which shtmld combine under one 
head ami in one rt"|i«»rt the branches of mine inspection and the adver- 
tisement of the res»»un.vs and industries of the state through competent 
rep»»rts. H. v. w. 

ScirutiHc Results Iff Ih* AVrr Sifmrin Ishindit tV/wi/i/iow in iheyram 
l'<<t (lufi /*^*»''. Pffi't III: TU* Fi'ssil /•'» Stnitn awl their Relations to 
the Mamini'th Rtntains. By Ban»n Enr\Rn v. Toll. (Memoirs of the 
Im^K^rial Aoatleniy of S«.-ienivs of St. Petersburg, seventh aeries, vol. 
xLii, no. VX pp. vii. 1 S<>. with 7 plates ami 17 figures in the text: 1895.) 
Underirround strata t»f ice are found in many localities of the tundras 
'Tom the Yonis«M river east wan! al>out 2,olH) miles to Bering strait and 
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sea, and to Eschscholtz bay and the Kowak and Yukon rivers in 
Alaska. These fossil accumulations of ice, covered by a thin soil in 
which occur shells of Cyclas, Valvata, etc., wood of alder, willow and 
dwarf birch, and abundant bones and ivory tusks of the mammoth are 
especially extensive in the New Siberia islands. The great Lyakhoff 
island, having an area of about 2,000 square kilometers or 700 square 
miles, is wholly thus underlain by ice, excepting four granite peaks, and 
the fossil ice has a similar development in the more northern islands of 
this grroup. 

Baron Toll ascribes the thin overlying clay and sand to the action of 
wind and water as eolian and lacustrine deposits: but it seems worthy 
of inquiry whether in the New Siberia islands and many other places 
they may not instead be derived mostly from englacial drift which be- 
came superglacial by ablation of formerly higher strata of ice, as on the 
borders of the Malaspina ice-sheet south of Mt. St. Elias. In some lo- 
calities, as along valleys and avenues of drainage. Baron Toll considers 
the underground ice as remnants of frozen river waters during a former 
epoch of greater severity of cold, and there the overlying soil may well 
be of flu via tile origin; but on these islands he finds, by the granular 
structure of the ice, that it is derived from snowfall, being a remnant 
of a previous ice-sheet. Several views show marginal ice-cliffs on the 
Lyakhoff island having a vertical hight of alK)ut 60 feet, capped by two 
or three feet of soil. Likewise the description given by Dall for the ice- 
cliffs of Eschscholtz bay in Alaska, comparing the texture of the ice to 
compacted hail, proves, as Baron Toll remarks and as was noted in the 
last April Am. Geologiht (vol. xv. p. 258), that the ice there also is a 
remnant of an ice sheet. In these places probably the overlying soil 
was englacial drift m a formerly much thicker sheet of land ice, similar 
to the Pleistocene ice-sheets of North America and Europe, though of 
smaller extent. 

The mammoth remains are never in the ice, but in frozen mud and 
sand l)eds dist^^ct from the fossil ice masses and often overlying them. 
During a time closely following the Glacial period, a warmer climate 
than that of the present day prevailed in Siberia and Alaska, enabling 
shrubs to grow two hundred miles north of their present limits, while 
herds of the mammoth and woolly rhinoceros, both of which have since 
become extinct, ranged north to the Arctic sea. The mild postglacial 
climate may have been due to a deprepsion of the area about Bering 
strait, permitting a strong warm current from the Pacific to jiass north 
through this -strait. Its width now is 28 miles, with a nearly uniform 
depth of 24 to 28 fathoms, and the present currents vary in direction 
with stages of the tides. A moderate subsidence, which is indicated by 
the raised beaches of this region, similar to the subsidence of the drift- 
covered part«i of North America and Europe during the Late Glacial or 
Champlain eiK>ch, and probably contemix)raneou8 with that epoch, 
seems therefore, in the opinion of the reviewer, to be the best explana- 
tion of the Siberian and Alaskan fossil remains of ice-sheets and of ex- 
tinct mammals. When the ensuing re-elevation, shutting away the 
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warm aukriof current, brooi^t a^aio an arctic ciioiatr. the meltiii^ of 
tb0r thitrk uh^rrtm fA land ief. firrHtfcUd br their anperglacial drift. Deuij 
eiKMpd: aod the mammn^h aod rfainrjcfTtM peririied with eold and hun- 
fp^. althMif^ theae aptc iiga had eodurvd in migratorr heida the more 
affTenr Glacial period, which there apparent! j waa charactertaed bj the 
aecamoJati^JD «A numerooa kical ice-aheeta, occ upy ing hundreds or 
thmiaanda of M|uare milea. Instead of merely otdinarT winter storms 
and deep nor/wdrifts. U» which Mr. Charles Daiidaoo has attribated the 
extincti^JD fA the mammoth and the origio of the ondergroand ice <Q. J. 
G. 8.. v'A. 50, pp. 472-486, .\i]g., I9Mr. Terr important secular climatic 
chanK*-s« with f peirogenic mf/rements, seem to haie occo r red ii{ a series 
apprr^ximatelv parallei with those of the Glacial and Recent periods on 
the i^fpfiosite sides of the North Atlantic ocean. w. r. 

Further f Mm^r rat ioHM tijton the (Jrcurrrnct o/DiatHomds in Meteorites. 
By O. W. Hvyriyfmyy. i Proceedings, .\m. .\cad. of Arts and Sciences, 
new series. \o\. xxi, ISM, pp. 20l'211. with two plates. i The investiga- 
tion hen' D«it^l was made with fragments of the Cafion Diablo or Coon 
Butte luetFi^ric irrm. which was first described by Dr. A. E. Foote in 
the PnieeediDKH of the .\mericaD Association for 1891 <to1. xl, pp. 279- 
283;, ami to which also attention has been directed, with careful instni- 
niental surveys, by Mr. G. K. Gilbert, as reported in the Am. Geoixk;!;!^' 
fvol. XIII. p. llo. Feb.. 1894. 1 Many pounds of this iron were dissolTed 
by the author, who thus obtained from it enough diamond dust to use 
at the Columbian Expcjsition for cutting and polishing rough diamonds. 
Only a few i^erfect cr>'Btal8 were found, these being of minute size, as 
alxiut a hunflrf*dth of an inch in diameter. These observations seem 
well acc'Tinlant with the the^iry of the late Prof. H. Carvill Lewis con- 
cerning thf* origin (ti fliamonds, and he had actually predicted in 1886 
that (liaiiiondH wr)ul<1 Ik» discovered in meteorites. w. u. 

Thf Krnnin' Art inn ttf Ire. By G. E. CuLVEK. (Trans., Wisconsin 
Acail. r»f 8<:iencrH, .Vrts, and Letters, vol. x, pp. 339-366, April, 1895.) 
Tli«^ opinionH of many Eurojiean and American geologists are here re- 
viewr*(l, and the author records his own observations of striated boulder 
jmvemt'ntH, where deijosits of till have suffered glacial erosion near Big 
HUnw City, South Dakota, and on the Big fork of Rainy river in north- 
ern Minn(*w>ta. He concludes that the efficiency of icfe to excavate rock 
basins has been greatly overestimated. Indeed he thinks that after 
the many years of discussion of this question, '' not a single case of a 
lake basin which can be proven to have l>een made by ice action has 
lM*en clis(rovere(l." w. u. 

Thr Dnnttion nf Ni(i(jara Fulls and the History of the Great Lukes. 
By J. W. Hpknckk. (Paj^es 12(>, with five plates and 27 figures in the 
t4'xt, forming? the second part of the Eleventh Annual Report of the 
Commissioners of the State Rewrvation at Niagara, for the year 1894, 
Albany, \H\)7y, also published, at the price of $1, in the Humboldt Li- 
brary series.) Nine paiMTs relating to the Laurentian lakes and Niag- 
ara falls, published by Prof. Sj)encer within the past six years in th& 
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Bulletin of the Geological Society of America, the Quarterly Journal of 
the Geological Society of London, and the American Journal of Science 
are here collected to give in one publication the results of his extensive 
explorations and studies in this district. With these he might well have 
included also his earlier paper on the "Discovery of the Preglacial Out- 
let of the Basin of Liake Erie into that of Lake Ontario, with notes on 
the Origin of our Lower Great Lakes," from the Proceedings of the 
American Philosophical Society (vol. xix, pp. 300-337, 1881). The chief 
outlines of the author's work, as given in these papers, have also been 
recently stated by him in the American Geologist (vol. xiv, pp. 289- 
301, Nov., 1891). His estimate of 32,000 years as the past duration of 
the Niagara river and falls seems, however, to the present reviewer less 
in accordance with the results of many investigations bearing on the 
duration of the Ice age and of the Postglacial period, than the 7,000 
years which Gilbert estimated, with some considerations tending to in- 
crease and others to reduce the estimate, in his American Association 
paper in 1886. This question, and that of the Nipissing outlet from lake 
Algonquin, on which Prof. Spencer bases the greater part of his large 
estimate, have been considered in the American Geoloqist (vol. xiv, 
pp. 62-65, July, 1894), with the conclusion that the volume of the Niag- 
ara river has been nearly as now through all its history. w. u. 

Critical Periods in the History of the Earth, By Joseph LeConte. 
(University of California, Bulletin of the Department of Geology, vol. i, 
pp. 313-336, August, 1895.) This paper is a more full statement of the 
conclusions presented by the author two years ago in the World's Con- 
gress of Greologists at the Columbian Exposition, on the question, ''Are 
there any natural divisions of the geological record which are of world- 
wide extent?" An outline of that address was given in the Am. Geol- 
ogist for October, 1893 (vol. xii, p. 272). Critical periods, having ex- 
ceptionally rapid evolution of new species of plants and animals, so that 
they mark the limits of the great geologic eras, are shown to be pro- 
duced by exceptionally great changes in physical geography, permitting 
migrations with adaptation to new environment, and by climatic 
changes, which compel migrations along north and south courses. The 
more rapid rate of evolution gives rise to higher dominant classes, and 
the great changes brought by the dominion of man over the lower ani- 
mals and plants have led the author to name the latest and present 
grand division of geologic time the Psychozoic era. He would terminate 
Quaternary time at the end of the Glacial period, and would unite the 
Tertiary and Quaternary divisions of time as together constituting the 
Cenozoic era. By the epeirogenic movements inaugurating the Glacial 
period. North America and northern Europe were * 'certainly raised at 
least three thousand feet and probably much more;*' and at nearly the 
same time the Sierra Nevada, Wahsatch and St. Elias ranges were 
greatly uplifted by block-tilting. 

As the Glacial period marked the limit of the Cenozoic era, so the 
Laramie period, with still grander epeirogenic and orogenic changes, 
the latter taking place especially along the Cordilleran or Rocky Moun- 
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tain belt, ended the Mesozoic era: the Permian period, with the Appa- 
lachian revolution, terminated Paleozoic time: and the g^reatest of all 
the critical periods or revolutions divided the Archean and Algonkian 
ages from the Cambrian. 

Although the records of critical periods on account of the great geo- 
graphic changes and unconformity of the rock series are principally lost, 
these periods are believed to have been of long duration. Their changes 
of organic forms were not simultaneous everywhere, but rather were 
propogated from place to place by waves of migration, which may have 
reached far beyond the limits of the physical changes. w. u. 

Ueber einige FtHchreste den norddeutschen und bdhmischen Devons. 
By A. VON RoENEN. (Abhandl. der Konigl. Gesellsch. der Wiasensch. 
zu Gottingon, vol. 40, pp. 1-37, pis. i-v, 1895.) In continuation of his in- 
vestigation of the Devonian fishes of Germany the author here pub- 
lishes accounts of the following species: From the upper Devonian, 
Ctenacanthu8 ? erectus, nov., CoccoHteus inflatus^ v. k., Brachydirus 
carinatusy v. k., Aspidicthys ingens, v. k., Anonialicthys scabeVt v. k., 
Phatyaapis tenuis^ nov. gen. et sp., Holoptychiu8 kayseri, nov., Ofyp- 
tolepis traquairi, nov., Rhizodopsis dispersa, nov.; from the middle 
Devonian, Dinicthys efeliensis Kayser, Macropetalicthys agcusizi v. 
Meyer., Osteolepis holzapfeli, nov.; from the lower Devonian, Maero- 
petalicthys prUmiensis Kays., Holopetalicthyft novaki, nov. (stage F. 
Bohemia). i. m. c. 

Sur une Fanne dii sommet de la nerU rhinane, a Pepinster, Oo4 et 
Tilff. By E. Kayser. (Ann. de la Soc. g^l. de Belgique, vol. xxii, pp. 
177-216, pis. i-iv, 1895.) The author describes a recently discovered Bel- 
gian fauna which he refers to the upper part of the lower Devonian. 
The assemblage of species is especially notable for the considerable 
number of lamellibranchiates belonging to species and genera peculiarly 
American. **The American aspect which this fauna bears is one of the 
most interesting results of this work and is the foundation of a remark- 
able distinction between the lower Devonian of Belgium and that of the 
Rhine in which American analogies seem to be wanting. Belgium is 
not unique in this respect. This American expression of the lower De- 
vonian fauna reappears at the same horizon in the northwest of France. 

* * * The relations existing, during the lower Devonian, between 
the basin of Belgium and the north of France and that of North Amer- 
ica are perpetuated to the close of the Devonian period as shown by the 
existence of American species of Aviculidae mentioned by Gosselet and 
Freeh in the upper Devonian of Belgium, although these species are 
absent on the Rhine.** l. M. c. 

The Stone Industry in 1894, By William C. Day. (16th Ann. Rept. 
U. S. Geol. Survey, pt. IV, 83 pp., 2 pis. 4-27, 1895.) It is with pleas- 
ure that we note the appearance of this portion of the results of the 
work on the mineral resources for the year 1894 before the end of 1895. 
(Part IV of the 16th Ann. Rept. of the Survey is entitled ' 'Mineral Re- 
jaources of the United States, calendar year 1894.**) In describing the 
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stone industries the different kinds of stone noted are granite, marble, 
slate, sandstone, limestone and bluestone. Granite includes all quar- 
ried igneous rocks, gneisses and crystalline schists. The total produc- 
tion of stone in the United States for 18^ was valued at over $37,000,000 
— a gain of about $3,500,000 over the total production for the previous 
year. A large number of statistical tables accompany the pai)er, and 
some information is given concerning the methods of quarrying and 
dressing the various stones. A locally interesting feature is a brief de- 
scription of the status of each kind of stone industry in each state. 

u. s. G. 

Mineral Products of the United States^ calendar years 1885 to 1894, 
By David T. Day, Chief of Division of Mineral Resources. (U. S. Geol. 
Survey; Washington, June 8, 1895.) On a large sheet, about 24 by 30 
inches, is presented a tabulated statement of the quantity and value of 
each mineral substance produced in the United States during the last 
ten years. The value of the total product decreased decidedly both in 
1893 and 1894. The total valuation in the latter year was $527,655,562, 
which is lower than the total valuation of any year since 1887. The 
greatest total production was in *92 when the valuation was $648,616,954. 

u. 8. o. 

Opinions Concerning the Age of the Sioujr Quartzite. [Abstract.] By 
Charles Rollin Keyes. (Proc. Iowa Acad. Sci., 1894, vol. 2, pp. 218- 
222; 1895.) A resum^ is given of the opinions of various authors re- 
garding this quartzite which was called ^^Sioux quartzite'* first in 1870 
by Dr. C. A. White. It is of interest to note that Dr. F. V. Hayden 
seemed inclined to the view that the age of this rock was post-Carbon- 
iferous and perhaps Cretaceous. The general consensus of recent opin- 
ion regarding this quartzite is that it is of pre-Cambrian age; it is 
placed in the middle division (Upper Hunmion) of the Algonkian in re- 
cent publications of the United States Greological Survey. Prof. N. H. 
Winchell has been about the only one lately to entertain a different 
opinion and he has in several papers uniformly placed it in the Cam- 
brian. In the present paper the author states that the fossils (a brach- 
iopod and a trilobite) found in the Sioux quartzite are generally re- 
garded as not of organic origin. The reviewer does not understand that 
this is the case with the brachiopod (Lingula calumet^) which seems to 
be generally acknowledged as a fossil. He understands that both 
Messrs. Walcott and Van Hise are agreed as to its organic origin; the 
latter writes: **In the Sioux quartzites one generally accepted fossil has 
been found by N. H. Winchell." (Bull. 86, U. S. Geol. Survey, p. 194.) 

Dr. Keyes entertains some doubt as to the pre-Cambrian age of this 
quartzite. In his closing paragraph, after a personal examination of 
many of the principal outcrops, he states "that it must be confessed 
that notwithstanding strong preconceived notions regarding the great 
antiquity of the Sioux rock, faith in its very old age was considerably 
shaken ***** Regarding the age of the Sioux formation, it may 
be said that while it should be considered as pre-Cambrian in age- 
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until indisputable evidence is produced to the contrary — there exists 
now a certain element of doubt concerning the accuracy of this view." 

\J m S> G. 

Ueber jK)start'h(viitefien Granit von Sulitelma in Norwegen und Uber 
das Vwkonunen von s. g.Corrosionquarz in Gneisen und Graniten. 
By Otto Nordenskjold. (Bull, of the Greol. Dept. of the Univ. of Up- 
sala, vol. II, pt. 1. no. 3, pp. 118-128, 1895.) The district of Sulitelma, 
in 68^ N. Lat., and on the border between Sweden and Norway, has 
been the subject of careful research by a number of geologists on ac- 
count of the occurrence there of rich copjier ores. Occupied with sim- 
ilar research, the author had opportunity to study a granitic rock, in- 
teresting on account of its occurrence in the form of a laccolitic lens 
included between the mica slates, having a length of more than five 
kilometers and a breadth of at least 1,200 meters. The age of the 
schists is not known with certainty, but must be considered as poet- 
Archean and pre-Devonian. Though the granite (as well *'im Hangenden 
als im Liegenden") very rarely and in small degree traverses the schistic, 
it must be considered as younger and not co temporary with them. Now 
it is interesting that, while all Swedish granites of post-Archean age 
when occurring in undisturbed positions are very well characterized, 
this rock a porphyritic mica -granite, more or less gneissoid — much re- 
sembles the old Archean granites. The same appears to be the case 
also in other parts of the mountain districts in Scandinavia where gran- 
ites occur in the same }x)sition. The author concludes th^t they have 
all been intruded simultaneously with the folding of the rocks and the 
forming of the mountains, and have therefore obtained their layer-like 
position and their aspect of greater age. 

An interesting feature in all these rocks is the great development of 
the structure, described by Fouqu^ and Michel L^vy imder the name 
**quartz de corrosion," consisting of complex aggregates of quartz and 
feldspar, similar to the granophyric structure but distinctly different as 
the included quartz individuals are alwsiys limited by bent and curvet! 
lines. The author has studied this structure in a number of rocks and 
has found it very common in gneisses, but rather rare in eruptive rocks 
where it occurs only in rocks altered by dynamic action, it therefore is 
probable that it has always been formed in connection with dynamic 
metamoryhism. The author has since seen in Paris, in the collection 
of Prof. A. Lacroix, a granitic rock of post-Carboniferous age from the 
Pyrenees, which, having taken part in the forming of moim tains, is 
wonderfully like the rock from Sulitelma and shows the same structure. 
It is of great importance to distinguish the structure here mentioned, 
occurring in gneisses and altered granites, from the granophyric struc- 
ture found probably only in igneous rocks. 
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RECENT PUBLICATIONS. 



1. Government and State Repoi'ts, . 

U. S. Geol. Survey, 14th Add. Rept., 1892- '93; pt. I, 321 pp., pi. 1, 
1893; pt. II, XX and 597 pp., pis. 2-74, 1894. Pt. I.— Report of the 
Director, J. W. Powell; AdminiBtrative reports. Pt. II.— Potable 
waters of eastern United States, W J McGee; Natural mineral waters 
of the United States, A. C. Peale; Results of stream measurements, 
F. H. Newell; The laccolitic mountain groups of Colorado, Utah and 
Arizona, Whitman Cross; The gold -silver veins of Ophir, California, 
Waldemar Lindgren; Geology of the Catoctin belt, Arthur Keith; Ter- 
tiary revolution in the topography of the Pacific coast, J. S. Diller; 
The rocks of the Sierra Nevada, H. W. Turner; Pre-Cambrian igneous 
rocks of the Unkar terrane, Grand Canyon of the Colorado, Arizona 
(with notes on the petrographic characters of the lavas, J. P. Iddings), 
C. D. Walcott; On the structure of the ridge between the Taconic and 
Green Mountain ranges in Vermont, T. N. Dale; The structure of Mon- 
ument mountain in Great Harrington, Massachusetts, T. N. Dale; The 
Potomac and Roaring Creek coal fields in West Virginia, J. D. Weeks. 

Geol. Survey Canada, Palaeozoic Fossils, vol. 3, pt. 2, pp. 45-123, pis. 
9-15, Sept., 1895. Revision of the fauna of the Guelph formation of 
Ontario, with descriptions of a few new species, J. F. Whiteaves; Sys- 
tematic list, with references, of the fossils of the Hudson River or Cin- 
cinnati formation at Stony mountain, Manitoba, J. F. Whiteaves. 

U. S. Geol. Survey, Bull. 118. A geographic dictionary of New Jer- 
sey, Henry Gannett. 131 pp., 1894. 

U. S. Geol. Survey, Bull. 119. A geological reconnoissance in north- 
west Wyoming, G. H. Eldridge. 72 pp., 4 pis., 1894. 

U. S. Geol. Survey, Bull. 120. The Devonian system of eastern 
Pennsylvania and New York, C. S. Prosser. 81 pp., 2 pis., 1894. 

U. S. Geol. Survey, Bull. 121. A bibliography of North American 
paleontology, 1888-1892, C. R. Keyes. 251 pp., 1894. 

U. S. Greol. Survey, Bull. 122. Results of preliminary triangulation, 
Henry Gannett. 412 pp., 17 pis., 1894. 

U. S. Geol. Survey, Mon. 2^^. The geology of the Green mountains 
in Massachusetts, Raphael Pumpelly, T. N. Dale and J. E. Wolff, 
xiv and 206 pp., 23 pis., 1894. 

U. S. Geol. Survey, Mon. 24. Mollusca and Crustacea of the Miocene 
formations of New Jersey, R. P. Whitfield. 193 pp., 24 pis., 1894. 

Iowa Geol. Survey, 3d Ann. Rept., 189:i, 467 pp., 11 pis., maps, 1895. 
Geology of Allamakee county, Samuel Calvin: Geology of Linn county, 
W. H. Norton; Geology of Van Buren county, C. H. Gordon; Geology 
of Keokuk county, H. F. Bain; Geology of Mahaska county, H.F.Bain; 
Geology of Montgomery county, E. H. Lonsdale. 

Comision Geologica Mexicana. Exi)edicion cientifica al Popocate- 
petl, J. G. Aguilera and Ezequiel Ordouez. 48 pp., G pis, 1 section and 
a geological map; Mexico, 1895. 
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//. Proceedings of Scientific SocietieB. 

Trans. Roy. Soc. Canada, 1894, vol. 12, 1896. The Potadam and Cal- 
ciferous formations of Quebec and eastern Ontario, R. W. Ells: 
L'eboulis de St-Alban, Mgr. Laflamme; Synopsis of air-breathing 
animals of the Palax>zoie in Canada, J. W. Dawson; On the organic 
remains of the Little River group, No. II, G. F. Matthew; On the organ- 
ic remains of the Little River group, No. Ill, G. F. Biatthew; The 
fossil cockroaches of North A merica, S. H. Scudder. 

Trans. Wisconsin Acad. Sci., Arts and Letters, vol. 10 (1894-1895), 
1895. Some New Jersey eskers, G. E. Culver; Greology of Conanicut 
Island, R. I., G. L. Collie; The erosive action of ice, (». E. Culver; 
Bowlder trains from the outcrops of the Waterloo quartzite area, I. M. 
Buell; The origin of the dells of the Wisconsin, C. R. Van Hise. 

///. Papers in Scientific; Journals, 

Ottawa Naturalist, Sept., 1895. Crystals, W. F. Ferrier. 

Science, Sept. 20, 1895. Current notes on physiography (XVI), W. 
M. Davis. 

Science, Oct. 4. 1895. A new Jurassic plesiosaur from Wyoming, W. 
C. Knight. 

Science, Oct. 11, 1895. Some notes on Darlington (S. C.) "bays," L. 
C. Glenn. 

Science, Oct. 18, 1895. Geology at the British Association, W. W. 
Watts; Current notes on physiography (XVI), W. M. Davis. 

Eng. and Mining Journ., Oct. 19, 1896. Notes on Arizona geology, 
T. B. Comstock. 

American Naturalist, Oct., 1895. The first fauna of the earth, J. F, 
James. 

Amer. Journ. Sci., Oct., 1895. Occurrence of copper in western Idaho, 
R. L. Packard; Igneous rocks of the Sweet Grass hills, Montana, W, 
H. Weed and L. V. Pirsson: Distribution and secular variation of ter- 
restrial magnetism. No. 3, L. A. Bauer. 

Journ. of Geol., Sept. -Oct., 1895. James Dwight Dana and his work 
as a geologist, H. S. Williams; Glacial and interglacial deposits near 
Toronto, A. P. Coleman: Origin of certain features of coal basins, H. 
F. Bain; Preglacial gravels on the quartzite range near Baraboo, Wis., 
R. D. Salisbury: Glacial studies in Greenland (VII), T. C. Chamberlin; 
The classification of the upper Palaeozoic rocks of central Kansas, C. S. 
Prosser; Summary of current pre-Cambrian North American literature, 
C. R. Van Hise. 

IV. Excerpts and Individual Publications. 

The production of tin in various parts of the world, C. M. Rolker. 
16th Ann. Rept. U. S. Geol. Survey, pt. 3, 88 pp., pi. 19, 1895. 

The stone industry in 1894, W. C. Day. Ibid., pt. 4, 83 pp., pis. 24- 

27, 1895. 

Reconnaisflance of the gold fields of the southern Appalachians, G. F. 

Becker. Ibid., pt. 2, STi pp., pis. 1-3, 1895. 

Report on the New Red of Bucks and Montgomery counties, B. S. 

Lyman. Geol. Survey Pa., Summary Final Rept., pp. 2589-2638, pis. 

6()0-611: authorised., 1895. 
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The organizatioDs and results of a state geological survey, C. R. 
Keyes. Mo. Geol. Survey, vol. 8, pp. 13-79, 1895. 

The crystalliue rocks of Missouri, Erasmus Haworth. Ibid., pp. 81- 
222, pis. 1-30, 1895. 

A dictionary of altitudes of Missouri, C. F. Marbut. Ibid., pp. 227- 
316, 1895. 

Characteristics of the Ozark mountains, C. R. Keyes. Ibid., pp. 319- 
352, 1895. 

The Coal Measures of Missouri, G. C. Broadhead. Ibid., pp. 355-395, 
1895. 

Two new Cambrian graptolites with notes on other species of Grapto- 
litidae of that age, G. F. Matthew. Trans. N. Y, Acad. Sci., vol. 14, pp. 
262-273, pis. 48-49, 1895. 

Lakes of North America, a reading lesson for students of geography 
and geology, I. C. Russell. 8 vo, pp. xi and 125, 23 pis.; Boston, Ginn 
k Co., 1895. 

Occurrence of tellurium in oxidized form associated with gold. Rich- 
ard Pearce. 4 pp.; read before the Colorado Sci. Soc., April 1, 1895. 

The soils of Texas— a preliminary statement and classification. E. 
T. Dumble. Trans. Texas Acad. Sci., pp. 25-60, 1 map, 1895. 

Notes on the Texas Tertiaries, E. T. Dumble. Ibid., pp. 23-27, 1894. 
V, Proceedings of Scientific Laboratories^ etc. 

Field Columbian Museum, Publication 3, Geol. Ser. vol. 1, no. 1. 
Handbook and catalogue of the meteorite collection, O. C. Farrington. 
Pp. 1-66, pis. 1-6, Aug., 1895. 

Memoirs Am. Museum Nat. Hist., vol. 1, pt. 2. Republication of 
descriptions of fossils from the Hall collection in the American Museum 
of Natural History, from the Report of Progress for 1^61 of the Geolog- 
ical Survey of Wisconsin, by James Hall, with illustrations from the 
original type specimens not heretofore figured, R. P. Whitfield. Pp. 39- 
74, pis. 4-12, Aug. 10, 1895. 



CORRESPONDENCE. 



The Source of the Mississippi. The attention of geographers has 
recently been called frequently to this subject through the widely pub- 
lished claims of captain Willard Glazier. Many have questioned the 
justness of these claims, and the Minnesota Historical Society author- 
ized a careful survey under its auspices. The result was published by 
the state, as one of its volumes of "Collections," in which, written by 
Mr. J. V. Brower, the claims of Glazier were not admitted. This volume 
embraces a very full discussion of this question, with maps and other 
illustrations. 

Lately captain Glazier has revived his side of the discussion* in a 
finely illustrated book of over 500 pages. 

In this new volume he strongly insists on the verity of his discovery 
and the justness of his claim that lake Glazier is the true source of the 

*HeaduHit€r» of the Mifmitmippi, Rand, McNally &, Co., Chicago and New York. 1894. 
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Mississippi river, and he has the testimony of his 14 companions, both 
joint and individual, supporting him in his claim. As the case is pre- 
sented by him he makes a strong showing and one that will be apt to 
influence geographers in his favor. 

It seems the essential points at issue are: 

1. Is the Nicollet creek longer or shorter than the newly described 
creek **Excelsior," which feeds lake **Gla2ier?" 

2. Can Glazier be considered the discoverer of the lakfe which he has 
named after himself? 

In resix3ct to the first, it should be stated that, as it now appears, 
neither Schoolcraft, nor Nicollet, nor Chambers ever saw the creek that 
enters Itasca lake from Elk lake (Glazier lake). Glazier seems to be 
correct in making that claim. It is overgrown with rushes at its mouth, 
and its debouchure is not at the head of the main valley. Nicollet creek 
is so plainly that which drains the principal valley that the existence of 
another creek uniting with this valley at a mile or so further northeast 
was not suspected and has remained unknown to geographers. This 
superiority of the Nicollet creek as the drainage course of the main val- 
ley is evidenced in the difference in size of the two creeks. Glazier him- 
self states that the Nicollet creek at its mouth is 10 feet wide and 2)^ 
feet deep. The creek that drains the Elk Lake valley is stated by him 
to be 7 feet wide and 3 feet deep, by which it appears, on his own state- 
ment, that nearly 20 per cent, more water would be discharged by the 
Nicollet creek than by the creek that drains Elk lake. This is on the 
sup|K>sition that they have the same velocity, but judging from the 
descriptions the Nicollet creek is much more rapid than the Elk Lake 
creek, and may reasonably l>e supposed to carry twice as much water. 

The gathering ground of the waters that feed Elk lake and enter 
Itasca lake by way of the outlet of Elk lake is stated by Glazier to ex- 
tend southward from Itasca lake 14,106 feet. The same extension for 
the waters issuing by way of Nicollet creek is given by Glazier at 7,307 
feet. Thus the greater creek has, by his showing, the smaller valley 
and the shorter course, and the less importance as a tributary of the 
Mississippi. It seems questionable whether, whatever the relative im- 
portance of these creeks, a creek having in August a width of 10 feet 
and a depth of 2hz feet, could be said to extend, for its source and sup- 
ply, only to the distance of a mile and three-eights from its debouchure. 
If it there be found issuing from a *'sxjring" it would be the prompting 
of a truly scientific mind, in pursuit of the source of the Mississippi, to 
look a little further. If on further search he should find a stream dis- 
appearing, at a short distance up the valley, by entering into subterra- 
nean passages, it would be almost impossible for him not to assign that 
as the source of the water issuing at the '"spring." 

It should also be stated, in respect to the first of the ccmsiderations 
mentioned, that such has been found to be the case, by more than one 
observer who has described the waters of Nicollet valley. Nicollet creek 
runs through a succession of small lakes, marshes and subtenanean, at 
leivst non-visible, passages, which have l>een described as constituting 
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one valley, whose drainage, greatly obstructed by peaty accumulations 
and hid from sight, really should be called one stream. This is the view 
that has been taken by the Minnesota Historical Society, under the 
guidance of Nicollet and after the careful survey of Mr. J. V. Brower, 
superintendent of Itasca state park. Mr. Glazier, however, in his late 
publication traces Nicollet creek only up to the great '^spring," thus 
giving it only a length as stated of 7,307 feet. On the contrary it may 
be recalled that in northern Minnesota such obstruction of the courses 
of streams is not uncommon. The writer has known many instances. 
Bogs sometimes cover the direct drainage courses of streams, and on 
these bogs bushes of considerable size are sometimes found growing. 
Streams disappear in such places, but they reappear at lower points. 
The St. Louis river, which enters lake Superior at Duluth, was formerly 
permanently hid from sight for the greater part of a mile in the vicinity 
of Cloquet, by passing under floating vegetable matter, a veritable raft, 
on which grew small birches and willows. All streams which drain a 
rich country in which vegetation is abundant and easily detached are 
liable to such interruption, or to such **subterranean" passages. Such 
accidents do not destroy their identity and cannot be said to termi- 
nate their courses as continuous streams. It appears, according to all 
the testimony, that Nicollet creek suffers such obscuration. If it be 
allowed its legitimate southward extension, according to Mr. Brower, 
its extent is considerably more than the extent of the valley drained 
by Excelsior creek. Mr. Glazier entirely ignores the upper portion of 
Nicollet creek. 

In respect to the second question. Can Glazier be considered the dis- 
coverer of the lake to which he has given his name?, we can but answer 
No, It is a lake, of large size for the nature of the surrounding coun- 
try, and it is very singular that neither Schoolcraft nor Nicollet ever saw 
it. They had Indian guides and were in search of the same end — the 
source of the Mississippi — but they were not conducted to it. On the 
other hand their guides led them to the Nicollet valley. But in 1875 
this lake was discovered and its size was mapped by the officers of the 
United States land survey, under direction of Gen. J. H. Baker, of St. 
Paul. It was given the name which was current, viz.. Elk lake,* and 
as such it appears on the government plats. It has been supposed also 
that Julius Chambers entered the same lake in 1872, but Mr. Glazier 
makes it to appear quite doubtful, showing that the description given 
by Chambers applies better to one of the lakes of Nicollet creek. How- 
ever, that Glazier was antedated, by six years, by the U. S. Government 
surveyors even Glazier himself dot^s not deny. He bases his claim to 
priority on the ground that their business was not to seek the source of 
the Mississippi, and that they did not trace out its feeders, and that 
they did not publish their exploits in a manner commensurate with 

•Wie statomoDt has been made, apparently on the authority of Schoolcraft, that 
Itaaca lake was formerly called Llk or f>i/i(MA^-(>^ lake. Hut it is dilHcult to atlirm 
that on the authority of Sch<K)lcraft when lat^r authorities are c<msidered. Ozawin- 
dib, his MTuide, said "ihnoahkm" when Scluiolcraft pointed up the west arm of Itanca 
lake, and he seomH now to have referrtKl to the lake beyond Itasca lake, where deer 
■ and moose tracks were found so numenius by Glazier. 
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their importance. Should it be decided that these defects really annul 
their priority of discovery, there is no doubt that Glazier's claim would 
at once be admitted. 

Mr. Glazier's second volume is a very creditable production. It i» 
probable that, had his first volume been issued with as close an adher- 
ence to fact and with as careful refir&rd to the rights of earlier author- 
ship, and to the usages of good literature, it would have received better 
acceptance. There are serious defects in this, of which it is here only 
necessary to mention one on page 270, in which the author speaks of 
Prof. A. Randall as being connected with **the Geological Survey of 
Minnesota" before Minnesota was yet a state. 

All in all, the author, on the basis of the facts which he himself pub- 
lishes, can hardly be admitted to have established his principal thesis, 
viz., that he discovered the true source of the Mississippi in 1881. If the 
true source be not Itasca lake, it must be either the head of Excelsior 
or of Nicollet creek, and of these Nicollet creek has the stronger claims. 
If, however, we admit that it be Excelsior creek, that has but recently 
been fully defined. If Elk lake be supposed to have the honor of stand- 
ing at the source of the Mississippi, that lake was surveyed and mapped 
six years prior to Glazier's visit. N. H. Winchkll, 

Warm Temperate Vegetation near Glaciers. In the July number 
of this magazine (pages 65, 66) Dr. George M. Dawson supposes that, if 
the ice-sheet still remained over the country north and northeast of To- 
ronto and lake Ontario when the interglacial beds of the Don River valley 
in Toronto and of Scarboro' Heights were deposited, the district must 
have had ^^killing frosts nearly every clear night during the summer." 
Similarly Prof. A. P. Coleman asks, in the last number of the Journal 
of Greology (page 640), **Can any one believe that meantime, while elms 
and oaks and maples, not Uy mention the papaw, were growing along the 
Don, the ice-field, with no lofty slopes to supply gathering ground for 
n^v^, was lurking a few miles off, ready to advance and overwhelm the 
deciduous forests?" 

To this inquiry the present writer replies. Yes, that he holds this as 
the most probable explanation of the repeated accumulations of till 
above the stratified and fossil iferous beds; but No, concerning the ab- 
sence of lofty slopes, by which he thinks that the predominantly wast- 
ing ice Iwrder rose probably to the altitude of 5,(XX) feet within 100- 
miles from its edge while being dissolved by the warm Champlain cli- 
mate with somewhat lower altitude of the land than now. If the retreat 
of the ice-sheet from the northern United States and Canada occupied, 
as I think, some three to five thousand years, disappearing earliest from 
the upper Missouri and Mississippi basins, and latest from New Eng- 
land, the province of Quebec, and Labrador, the extension of a warm 
temperate flora and fauna could well keep pace with the glacial recession, 
so that, as on the waning Malaspina ice-sheet, a flora like that of the 
same latitude to-day, and concomitant temperate molluscan and insect 
life, may well have thrived up to the very boundary of the ice, or per- 
haps in the case of the plants and insects even- extending as in Alaska 
upon the drift-covered ice border. 
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Darwin noted, in his narrative of the voyage of the Beagle, that gla- 
ciers in the fjords of southern Chile reach down to the sea level within 
nine degrees of latitude from where palms flourish. Prof. W. O. Crosby 
tells me of his observations of fine orchards of cherries and other fruits 
cultivated close to the limits of the large local fields of ice and n^v^ in 
Norway, one of which has an area of about 500 square miles. In the 
Alps the glaciers end only a few hundred feet from productive fields and 
gardens of flowers. Still more like the condition of North America and 
Europe during the recession of their Pleistocene ice-sheets is the vast 
fertile plain of India, enjoying a tropical climate, while within a short 
distance along its northern side, and farther west and east for an extent 
of 1,500 miles, runs the almost impassable Himalayan range, with val- 
leys bearing glaciers and summits crowned with perpetual snow. 

The proximity of the very cold Himalayas does not bring frosts to the 
neighboring tropical plain. In like manner the ice-sheet still lingering 
on northern Ontario, New York, and New England, did not cause a very 
frigid climate to prevail in the winters, nor nights of frost in the sum- 
mers, on the windward low region of the Laurentian lakes whence the 
ice had recently retreatied. Warren Upham. 

Cleveland, Ohio, Oct 10, lf^95. 
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Thomar James Slatter, F. G. S., a geologist of Evesham, 
£ngland, died on August 1st. 

Dr. Herman Credner has been promoted to a full profes- 
sorship of geology and paleontology at Leipsic. 

Mr. H. p. Parmelee, a geologist of Cripple Creek, Colorado, 
18 spending a few months in Charlevoix, Michigan. 

Dr. W. S. Strong, of the University of Colorado, has ac- 
cepted the professorship of physics and geology in Bates Col- 
lege. 

Dr. Charles R. Ketes, state geologist of Missouri, and Mr. 
H. Foster Bain, assistant state geologist of Iowa, recently 
spent a few days in Minneapolis. 

Dr. F. W. Sardeson, who has been engaged during the past 
year in the study of paleontology at the University of Frei- 
fcurg, has returned to his home in Minneapolis. 

Mr. W. N. Merriam, of Milwaukee, and Mr. J. Parke 
Ohanning, of New York, have returned from an extended ex- 
amination of mineral lands in northern Minnesota. 

Dr. H. J. Johnston-Lavis, in the September number of the 
Scottish Geographical Magazine, presents an article on the 
geology, agriculture and economics of Iceland. 

Henry B. Kummell, Ph. 1). (University of Chicago, 1895),. 
has been appointed assistant geologist on the New Jersey (Ge- 
ological Survey. His address is Trenton, N. J. 
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Mr. Edwin Goodwin, a graduate of the School of Mines of 
Columbia College, has baen appointed professor of mining and 
gejlogy in the University of Idaho at Moscow, Idaho. 

The British Association fob the Advaxcement op Science 
will hold its meeting for 1896 in Liverpool. In 18Q7 the As- 
sociation will meet in Toronto by special invitation from that 
city. 

Sir William Dawson, in the October number of the Geolog- 
ical Magazine, presents the first of a series of papers entitled 
**Review of the Evidence for the Animal Nature of Eozoon 
Canadense." 

Prof. Edward W. Clayfole, of Buchtel College, has re- 
turned home after a visit to England, during which he at- 
tended the meeting of the British Association for the Ad- 
vancement of Science at Fpswich. 

Mr. a. H. Elftman, of the University of Minnesota, has re- 
turned from a brief trip along the north shore of lake Superior. 
The special object of this trip was an examination of some of 
the well known anorthosites of the Keweenawan. 

The Mexican Geological Commission, of which A. del Cas- 
tillo is director, has recently issued a pamphlet of 48 pages, 
with plates and a geological map, entitled ''Scientific Expedi- 
tion to Popocatepetl," by Jose G. Aguilera and Ezequiel 
Ordonez. 

Dr. a. E. Foote, of Philadelphia, died at Atlanta, Georgia. 
October 11th. In 1870 Dr. Foote began to deal in minerals 
and scientific books and since then his business has grown to 
large proportions. The business will be continued under the 
management of Mr. Warren M. Foote. 

James Carter, F. R. C. S., F. G. S., of Cambridge, England, 
died on August 31st. He was recognized as an authority on 
the fossil Decapod Crustacea; for some time he was engaged 
in collecting materials for a monograph on that group, and 
has left his manuscript in an advanced state. 

Prof. John Milne, the well known seismologist, announces 
that he has established a small station at Shide Hill House, 
Shide, Newpoert, Isle of Wight, for the recording of earth- 
quakes having an origin in distant localities. Communica- 
tions for the Transactions of the Seismological Society and 
for the Seismological Journal should be sent him there. 

Mr. Warren Upham, who has been engaged during the past 
half year as librarian of the Western Reserve Historical Soci- 
ety in Cleveland, Ohio, has accepted a similar position as li- 
brarian and secretary of the Minnesota Historical Society in 
St. Paul, to enter on his duties there during the present month. 
This librarv is in the State House and has about 60,000 vol- 
uuies, including sets of all the newspapers published in Min- 
nisota from their beginnings. 
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The Council op the Geolochcal Society of America has 
determined that the eighth winter meeting of the Society shall 
be held in Philadelphia, beginning on the afternoon of Thurs- 
day, December 26th, 1895. More detailed information regard- 
ing the meeting will be sent to fellows in due time. 

M. Charles Bouchard has lately announced that he has 
examined speetroscopically the gases from three sulphurous 
springs in the Pyrenees and that in one he found ^he charac- 
teristic lines of both argon and helium, in one of helium alone 
and in a third helium and an unknown substance character- 
ized by lines in the orange and red. 

•'Tables for the Determination of Minerals by physical 
properties ascertainable with the aid of a few field instruments, 
based on the system of Prof. Dr. Albin Weisbach, by Persifor 
Frazer, Docteur es- Sciences, etc., etc. J. B. Lippincott Co.'* 
This book, printed first in 1874 and of which three editions 
have already been exhausted, is undergoing a thorough over- 
hauling for a fourth edition which will appear shortly and 
which will be reviewed in this journal then. 

Dr. Gerhard Holm's article, "Om Didyniograptus, Tetra- 
graptus och Phyllograptus," which appeared in Geologiska 
Forenigens i Stockholm Forhandlingar (Bd. 17, Hiifte 3, No. 
164, pp. 319-359, 1895,) and was reviewed in the American 
Geologist (vol. 16, pp. 58-59, July, 1895), has been translated 
into English by Messrs. G. L. Elles and E. M. R. Wood and 
is being published in the Geological Magazine. The first part 
appeared in the October number of that journal. 

Mr. C. p. Berkey, instructor in mineralogy in the Univer- 
sity of Minnesota, is at work on a detailed geological and to- 
pographical map of a district along the St. Croix river on the 
boundary between Wisconsin and Minnesota. Here occurs 
the well known unconformity between the igneous rocks of the 
Keweenawan and the overlying strata of the Upper Cambrian. 
Mr. Berkey expects especially to make a chemical investiga- 
tion of the diabases at this point, with reference to alteration 
products. 

The Brooklyn Institute of Arts and Sciences has issued a 
prospectus for 1895-'96 which gives preliminary announce- 
ments of lectures, courses of instruction, etc., for the year. 
Lectures are announced in geology, for the first Monday even- 
ing in each month, by Messrs. T. C. Mendenhall, R. S. Wood- 
ward, C. D. Walcott, J. F. James, C. S. Prosser, W J McGee, 
W. M. Davis and D. S. Martin. In the mineralogical depart- 
ment the following gentlemen will lecture : Messrs. W. O. 
Crosby, S. L. Penfield, W J McGee and A J. Moses. 

Dr. Persifor Frazer, who obtained the one hundred sub- 
scribers which. were required in order to secure the geologi- 
cal map of Europe of the International Geological Congress 
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f(ir the L'nit«*(l States with the same coneesfiirm as to priee 
whi(*h was enjoyed by the citizens of other "large countries** 
whosi* jjjovernments furnished suhsidie.'* to the work, is in cor- 
respondenee with the eomniittee of puhlieation, and hopes to 
be a)»le to announce to the survivors of tho^ subsicribers in 
the n?\t numbt'r (»f the American Geolouist the manner in 
whieli their subscriptions should be paid and the separate 
copies distributed to their several owners. 

The Northwest Minin<» Association met in the city of Spo- 
kane, Washin>^ton. Oct<»ber 2d, us stated in this Journal last 
month, at wiiicii time a permanent organization was effected. 
There was an interestin;]^ session of two days' duration, perti- 
nent subjects being discussed. Tlie attendance was large, 
about three iiundred delegates being present. The following 
named ollieers were elected: (t. B. Dennis, president; A. P. 
(.'iirry, first vice president: L. K. Armstrong, secretary: F. L. 
Kershaw, assistant secretary: \V. J. C Wakefield, treasurer. 
Several c<»mmittees were als«i app(»inted, as were the second 
vice presidents. The meeting adjourned after the members 
had voted to hold the next annual meeting in S|>okane next 
year on the same dat<*, when a large and permanent ore ex- 
hibit will be arranged from all the districts of Washington, 
Idaho, Oregon, Montana and British Columbia. 

The American Institute of Minincj Engineers held its 
sixty-ninth meeting at Atlanta, (icorgia. Eight days, from 
October Hth to loth, were devoted to the meeting and to ex- 
cursi(»ns to points of interest in the vicinity of Atlanta. The 
following papers bearing uw geological subjects were presented : 

The prcHent development of ^old mining in the southern Appalachian 
states. II. B. V. Nnv.K and H. A.J. Wii.kins. 

The ^old re^ionH of Georgia and Alabama. W. M. Brewer. 

The mineral rcHources (»f northern (ieorgia and western North Caro- 
lina. W. P. Blakk. 

Kaolins and clays of the south Appalachian region A. J Holmbs. 

Underground currents of drinkin/j; water. A. J. Holmeh. 

Notes on certain water-worn 8i:x»cimons. F. C. Holman. 

The geology of northern Georgia and Alabama. C Willard Hatbs. 

MonaziU^ dei>osit8 of North and South Carolina. C. A. Metzger. 

A sf^ction of Rich Patch mountain at Iron Gate, Va. E. J. ScHMrrs. 

The phosphates and marls of Alabama. Euoenk A. Smith. 

Pre(!ious stones of the South. Gko. F. Kunz. 

Chrome ores in the southern Appalachian region. Wm. Glrnn. 

Th(^ eastern coal regions of Kentucky. Gkaham McFaklanb. 

Onyx marbles, ('ocrt.nky DkKai.h. 

Folds and faults in Pennsylvania anthracite beds. B. S. LvMAZf. 

The geological structure of the western part of the Vermilion range 
of Minnesota. H. L. Sm^the and J. R. Finley. 

The form of fissure walls as afTectod by sub-fissuring and by the flow 
of rot'k. Wm. Glkjin. 
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ICbUCIAI. POISTS IS TUEllKOLOtillll'-rHE LAKE SL'f EKIOK HEIllOX. So. 111.] 

COMPARATIVE TAXONOMY OF THE ROCKS OF 
THE LAKE SUPERIOR REGION. 



It remuins nnw, in cnncludinK this review, ti) giitlitT tn- 

1 a more (.-onciHe fonii tho views tlint have been pre- 

tated, and tn show what contrnsts they present with the 

momy of Mesars, Walcott iind Van Hise. These geologtslH 

B not themselves primarily responsibli- for the clussiflfHtion 

Web they have adopted, althoiifrh they I'onwtriict their 

|BtMine« and adjiitit their uri'tiiiienti' upon it. They inherited 

I from the Wisconfiin survey in part and in part huvettllowed 

[It togrow up from an artifieial find fortiiitoiifl wet of eondi- 

l •Hone arising largely from personal prufereneew and pn'jiidii'es 

•ngendered by the literature of the lawt lifty years. It is 

probable that the understanding uf the straligriiphy of the 

K^Ejike Superior region, al the horixon of tlie lowest Paleozi)ii' 

wke, will Be^^■e in some measure, as in the undi'rslandin^ of 

B-Taeonie, in applying the key to ttie stratigraphy of 

B terranes in the eastern part of the I'nitcd States. The 

wter abundanee of the superHi-ial drift in Niw England, tlit- 

^^nater complexity of the eitrly folding and the eonsequenl 

^flifttamorphism, the more limited scope of the early individual 

obBervntions, the greater haste wilh wliieli they were made rui 

' crystalline and suh-erystaliine roeks, and llie active /eiil 

<im observers to support pergonal <ipiiiions, resulting in 
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partisan and sometimes hostile schools, did not facilitate the 
solution of the structural problems that confronted the geolo- 
gist at this horizon fifty years ago, but the}' all conspired to 
throw about the geology of the sub-Silurian for many years an 
impenetrable fog which no one was willing to attempt to 
pierce. Later these problems have arisen in the Lake Supe- 
rior region, under different conditions, and they have been 
gradually unfolding under the labor of numerous workers, 
spread over a much wider area and advancing with greater 
precision and deliberation, with more means at their disposal 
and better geological training to fit them for the task. If they 
have made more satisfactory headway, with more cooperation 
and harmonv, it is because of different stimulants and more 
genial conditions rather than more skill or greater indust^3^ 
Furthermore, they have had the experience of their predeces- 
sors, both as a guide and as a warning. 

The following table exhibits at a glance the contrasts that 
appear between the classification of Messrs. Walcott and Van 
Hise and that of the writer. The geologist who has followed 
tlie argument of these j)apers will have learned what are the 
main reasons for not accepting the taxonomy of the "Correla- 
tion papers'' lately issued. If these objections are valid, there 
is a necessitv for revision and careful re-examination in the 
field at points where the crucial facts can be seen. 

There are two leading and fundamental differences between 
these classifications, which do not relate in the least to the 
question of nomenclature, although nomenclature may have 
been one of the original elements predisposing one way or the 
other. These are : 

1. The existence or not of a great erosion interval between 
two sandstones, viz., between the upper member of the Kewee- 
nawan, which consists of red erosible sandstones, and the bot- 
tom of the horizontal sandstone, which, excepting its basal 
conglomerate at overlap contacts, also consists of red erosible 
shales and sandstones. 

2. The integrity or the dismemberment of the Keweenawaii 
In reference to th(* first, while it is not necessary to rehears 

the argument in full, it may be well to repeat that all tl 
non-confornuible contacts of the horizontal sandstone on t. 
trap of the Keweenawan, and also those on the quartzyt^s 
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Baraboo, Wis., that have been appealed to, are more reasonably 
explainable on the hj^pothesis of a progrefisive subsidence of 
the region and submergence beneath the ocean, incident to an 
epoch of voluminous igneous ejection. Furthermore, this sub- 
sidence is not a hj'pothesis; it is proved. In that case there 
may have been no atmospheric erosion-interval, but, after local 
fracturing of the ocean's bed and the outpouring of lava, sed- 
imentation was resumed and resulted in alternating igneous 
and clastic strata. Toward the end of the epoch of disturb- 
ance fractures occurred in some places without the issue of 
lava, while in other places lava was poured out in vast 
amounts. The former may be seen on the south side of the 
lake, as at Keweenaw point, and the latter in the Nipigon 
region. 

It might be remarked, in addition to the objections already 
urged against a great erosion-interval at this horizon, that, if 
the Lower Cambrian is entirely wanting in the Lake Superior 
region, the top of the pre-Cambrian there presents an anomaly. 
The top of the pre-Cambrian is usually a very firm and even a 
crystalline rock. Its great age necessitates this — i. e., if the 
Cambrian be not limited at the Olenellus zone. Here, how- 
ever, the hypothesis of the Wisconsin surve^^ adopted by the 
U. S. (ieological Survey-, reveals the top of the pre-Cambrian 
as an erosible red sandstone with an upper limit that is wholh' 
unknown, sometimes tilted and sometimes horizontal, its con- 
tact with the horizontal Cambrian above never havhuj hi^en 
seen. At the same time, the base of this erosible sandstone is 
e(|ually elusive, sinei* it vanishes in a mass of conformable 
eruptives, whose apj)earance is so fresh that they have been 
classed as Mesozoic by several geologists. On so slender a 
thread does this important h3^pothesis hang. 

In regard to the separation of the Keweenawan system as 
defined by Irving, into three parts. Lower, Middle and LTpper 
Cambrian, each marked l)y its eruptive rocks and character- 
ized bv its own elastics, there seems to be not onlv much evi- 
dence, but even a necessity for such differentiation. No 
student of the geology of the Lake Superior region can avoid 
the conviction of something anomalous and bizarre in the 
composition and structural features of the Keweenawan as it 
has been des<'ribed and mapped. Instead of the individual 
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and simple entity which it appears to be, it is a complex sys- 
tem. The ditiiculties of the region are great, but sufticient 
has been learned to warrant some leading distinctions. The 
unique and definite conception which may be derived from 
the published descriptions of the Keweenawan gradually 
crumbles away when one goes into the field and carefully notes 
the facts. He first experiences a profound bewilderment, 
from which he emerges with sharpened eagerness to solve the 
conflict between his preconceived notions and the apparently 
anomalous facts. This pursuit, in the case of the Minnesota 
survey, has been continued during several years. Occasion- 
ally new data have been discovered which have led to changes 
in interpretation, and later discoveries have necessitated still 
further improvements. No attempt has been made, however, 
until now to group the entire system in a consistent structural 
scheme. Even now the discussion is but partial and the 
classification provisional. It has yet to be rounded out with 
a fund of fact that cannot here be presented, and it may have 
to be still further changed, but as a classification it rests on a 
large amount of field work and of comparative study of the 
published literature. 

In concluding this series of ])apers it is interesting to note 
how beautifully the grand succession of geologic events in 
America in Cambrian time compares with the succession in 
Europe. Dr. Hicks has recently remarked as follows:* 

There can be no doubt that the jjenera Olenellus^ Pdrado.vides and 
Otenus in the areas where they have been fount! to Bueeeed each other 
in conformable sediments do mark very definite pericxls in the world's 
history; but such arbitrary lines are not natural, and we must expc»ct 
to find from time to time that the limit assigned to a genus will have to 
be extended as new areas are being explored. Where a genus, which 
has l>een sufficiently abimdant to characterize a main zone, disapi)ear8 
suddenly, there is usually some indication in the deposits of at least a 
slight physical change. At St David's this is particularly marked, for 
immediately below the lowest Parculn.i'idrs horizon a fine conglomerate 
containing angular fragments of volcanic material occurs, and this I 
have taken as the lM)undary line between the C'aerfai iOimf litis beds) 
and the overlying Solva (7V//^(>y//f/// and Pdnuio.viiles beds). Again at 
the top of the Menevian. and separating it from the overlying Lingula 
flags {Olenus beds), massive grits succeed black slates and in these grits 
again we meet with volcanic materials. Were it not for these changes 

♦Life Zones in Paleozoic Kocks, Geological Magazine, dec. iv, vol. i, 
p. 404, 1894. 
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I doubt not the genera would have a greater vertical range, and at cer- 
tain horizons also intermediate forms would be found. 

The succession of these three sub-faunal zones has been 
well established in America. But the cause of the changes 
from one to the other has been problematical. As indicated 
by Dr. Hicks, such cause can be seen in the nature of the sed- 
iments, where the strata are conformable, but where they are 
entirely non-conformable at definite horizons it can be seen, 
especially in the Lake Superior region, in the succession of 
eruptive epochs whose activity is attested not (»nly by the 
faunal changes but by the presence of the eruptive masses in 
great volume. 

The writer has been compelled to limit the present discus- 
sion to the rocks that lie above the great non-conformity at 
the base of the Taconic. To fully review the classification of 
the "C'orrelation papers" would require another series devoted 
to the Archean, in respect of which are inconsistencies and 
assumptions, in the publications here reviewed, which can 
only be considered detrimental to the progress of geology. 
These chiefly center in and revolve about the introduction, 
the definition and the application of the term Algonkian, the 
whole constituting, in brief, one of the greatest mistakes of 
AuK^riean official geology. With this brief expression of 
opinion, the writer is compelled to forego the discussion of 
this portion of the subject. 

M iinieapolia^ April ^, ISfJo. 

Supplementary Note. " In writing of the Canadian locrilities of the 
Taconic eriiptives (vol. xv, p. 35(5, June, 1805). by an unfortunate over- 
sight the earliest mention of the rocks of Mt. Stephen, and the erup- 
tives found therein, was omitted by the writer. 

The first announcement of Cambrian fossils from this region was 
made by Mr. H. H. Winw(KKl (on the authority of Dr. Hicks) in the 
London (ieologieal Magazine, May. 1885. The first diHCOvery of such 
fossils was made by Dr. G. M. Dawson, in August, 1884. These, ivs 
well as those afterwards crolleeted during Mr. Winwo<Kl's visit (at the 
time of the Hritish Association excursion), were examined by Mr. C. 
D. Walcott, who recognized Ofrnt'llas (ji/hi'rfi and hnicelli and Olen- 
oidcs hi'i'is. Publication occurred shortly afterward in the Annual 
Report Geol. Sur. Can., 18^5, (pp. 119B, 13i)Iii. Mr. McConnell, there- 
fore, who collected later and more fully from the same place, knowing 
this earlier announcement, was in no haste to place his discoveries on 
record . 
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It is. further, of int^roat to note, that in the same report (pp. 51B, 
157B, etc.)» contemi>oraneou8 igneous rocks occur amongst these strata 
in this part of the mountains, thus adding another, and quite import- 
ant locality where in Canada a similar history prevailed. 

Still later, Mr. A. P. Low, of the Canadian survey, has made an 
important announcement (Summary report of operations of the survey 
for 1894, G. M. Dawson, director, Ottawa, 1895 : reviewed in the Am. 
Geologist, Sept., 1895, p. 199). In the course of his exploraticms in the 
Labrador peninsula, he discovered a great and hitherto unknown area 
of Taconic rocks, ** extending north-northwest from north latitude 53 
degrees to l)eyond the west side of Ungava bay. These rocks are made 
up of a great thickness of conglomerates, sandstones, slates, shales and 
limestones, together with intrusive igneous rocks. Their chief economic 
value is due to the immense amount of heckled inm ore found along with 
them. The ores are chiefly specular and red hematite, together with 
beds of siderite or carbonate of iron. Thick beds of fine ore asscx'iated 
with jasper were met with in many places on both the Ungava and 
Hamilton rivers; and the amount set^n runs up into millions of tons. 
Owing to their distance from the seaboard, these ores at present are of 
little value, but the time may come when they will add greatly to the 
wealth of the country." The reviewer adds: ** The similarity of the8(» 
aresis with the valuaV)le mining districts of northern Michigan, Wiscon- 
sin and Minnesota seems especially noteworthy." It seems likely, 
therefore, that, with the great Norian anorthosytes for which Labrador 
is well known, that peninsula will yet develop into one of the interest- 
injf localities of Canadian Taconic rocks, comi)arablq with the Taconic 
of the Lake Superior region. 

The reader will please make the following errata in this series of 
pa]>ers: 

I^. 299, vol. XV, seventh line from the top, for ''distributed.'* read 
disturbed. 

I*. 304, vol. XV, seventh line from the top, for "Adirondack," read 
TiE conic. 

I*. 18, vol. XVI, last line in the foot note, for '*xiv," read xv. 

V. 150, vol. XVI, twelfth line from the bottom, for "ever," read 
eve-n. 

r*. 210, vol. XVI, third line from the top, for •* applicable," read 
callable. 

P. 212, vol. XVI, between the fifth and sixth ]in<'8 from the bottom, a 
Uoe? has been omitted: supply, Keweenawan and the reddish sand 
8t<Jiie of the. 

I^ans, (k't. Ifl, jsih',. 
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RIVER VALLEYS OF THE OZARK PLATEAU. 

By Oacar H. Hebhhey, Frwport, lU. 

In traveling over the Ozark plateau or so-called Ozark 
luountains in Missouri and Arkansas, the writer was sur- 
prised at the comparative narrowness of the immediate valleys 
of the streams, and was led to make an investigation of the 
subject, of which the following observations and conclusions 
are the resuh. The study is far from complete, but it is 
hoped that this paper may contain some suggestions for 
future researches into the geomorphology of the Mississippi 
basin. 

The Ozark region has been frequently described, and 
the majority of readers are doubtless acquainted with its 

■ 

topography. It is essentially a plain which has been elevated 
into a broad, dome-shaped *' uplift," and subsequently it lias 
been sculj)tured by erosion into ver}'' numerous deep and gen- 
erally (piite narrow valleys, with narrow, steep-sided ridges 
between. The crest or water-shed of the plateau has mostly 
an undulating or moderately rolling surface, while the exceed- 
ingly hilly and mountainous country occupies the border por- 
tions of the uplift. The rock strata consist largely of mag- 
n<*sian limestones and intercalated sandstones of Upper 
Cambrian and Lower Silurian age, with cherty limestones and 
shales of Lower Carboniferous age resting on them toward 
the north, west, and southwest. The conglomerate sandstone 
of the base of the Coal Measures i^ also j)resent, over the 
Burlington limestone, well within the limits of the uplift, as 
isolated remnants of a once more extensive formation. The 
di]) of the strata is gentle and regular, so much so that they 
are perhaps more nearly horizontal than are the same form- 
ations in any other portion of the American continent. 

ThK JrKA-CKETACEOl S PeNEI'LAIN. 

It does n()t take the traveler in the Ozarks ver}' h^ng to dis- 
cover that nearly all the ridges rise to about the same hight, 
and that, wen* thc^ intervening valleys tilled up to the level of 
the hill tops, we should have a nearly level i)lain. On the 
hard Burlington limestone areas, one will fre(|uently look for 
nuinv miles across the country and see only, in appear- 
ance, a vast timbered plain, although it is one of the roughest 
regions east of the Rocky mountains. This ancient and 
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eroded plain is not confined to regions underlain bv any one 
formation, but passes alike over Cambrian, Silurian, and Car- 
boniferous strata: rtor is it eonfined to the Ozark plateau, but 
descends bv a gentle slope to the level of the upland countr^^ 
which surrounds the plateau on all sides, excepting the south- 
east. Thence it extends across the prairies, joining the 
similarly channeled plains of other uplifted tracts in the 
eastern portion of the continent ; and westward it passes 
across the Coal Measures until it sinks under the Cretaceous 
strata of the Great plains. It is the Jura-Cretaceous pene- 
plain, which was produced by subaerial erosion during a long 
period a])proximately coinciding with the Mesozoic era. At 
or near the close of Cretaceous time the Ozarks did not exist, 
either as a plateau or mountains, but their present site was 
occuj)ied by a low, marshy j)lain of very slight relief, prob- 
ablv nearly at sea level. 

But there are. at widely separated intervals in the Ozark 
region, small hills and short ridges, which rise from twenty- 
tiv(» to fifty or perhaps occasionally one hundred feet above 
the level of the peneplain. They are generally composed of 
sandstone, and in the western part of the region are fre- 
<|uently largely made up of coarse conglomerate which belongs 
to the basal member of the Conl Measures. When of some 
material which powerfully resists erosion, they are steep- 
sided and (juite prominent, affording extensive views over the 
surrounding country. These mounds and small ridges gener- 
ally occur on the watershed between the ])rincij)al streams, 
but are also found far within the broken country, often stand- 
ing on the edges of the deepest vjilleys. 

The examples of these ridges and knobs which I have ex- 
amined particularly are on the watershed between the Osage 
and Missouri rivers, on the crest or general watershed of the 
plateau between Lebanon and the Arkansas line, in th(» broken 
country of Barry and Stone counties, and beyond the Ozark 
uplift in western Missouri and southeastern Kansas. But from 
maps and other sources 1 learn that they are widely scattered 
over the Ozarks in both Missouri and Arkansas. Belonging 
tr» the same class are doubtless the '"mounds" in Bates, Cass, 
Johnson, Lafayette, and other counties of western Missouri, 
described by Broadhead as **ridges several miles long, and oc- 



340 The America^k GcfloyUL December. 1^6*^ 

caAionally a single mound 80 or 100 feet above the lower 
plain ji, with an area of probably half an acre on the sum mi t. 
Other mounds may be near, or distant two. five, or fifteen 
miles. The visibly depressed or eroded area may In* a pris- . 
moid 100 feet deep by ^\e or ten miles in one direction and 
twentv miles or more in another.'** 

On the main watershed I find generally very long, sometimes 
narrow, and again broad ridges, which merge into the broad 
plain-like country of the crest or, as it has been called, plateau 
portion of the Ozarks. Also from Schiilten in Barry county, 
extending several miles toward the northwest, there is a nar- 
row ridge, composed of Carbrmiferous sandstone and conglom- 
erate, rising from 25 to 50 feet abfive the surrounding upland 
country. This is entirely isolated, being distant about ten 
miles from the [»lateau country near Aurora. 

The mounds and short ridges here disi'ussed may be specifi- 
cally daswd with the monadmnrks of New England: and 
thev may Im* said to bear the same relation to the surrounding 
peneplain as do the "mounds" of the lead region of Wisconsin, 
Iowa, and Illinois. Although much less c(»nspicuous features 
of the topography, their existence is equally significant with 
the other members of the class named. 

There is another series of elevations on the surface of the 
Jura-Cretaceous peneplain. For examples of these I shall 
draw chiertv from the <*ounties of Barry and Stone, in the 
8(»uth western part of Missouri. The upland country here is 
composed of the hard cherty limestones of the Kinderhook and 
Burlington formations, which have resisted erosion betti'r 
than the niagnesian limestones to the east, and hence better 
preserve the original outlines of the jxMieplain. It has already 
been remarked that the hill-tops in the Burlington limestone 
areas ris«» to a nearly uniform hight. But close observation 
shows that the ancient ])lain thus represented is not now level, 
but rises very gently from the vicinity of the streams to the 
watersheds. The rate generally does not exceed a few feet 
per mile, and the exceedingly shallow basins thus formed are 
nearly iinperce|)til)le. Occasionally several streams head in 
some slightly undulating elevated tract of small extent, and 
flow outward to all points of the compass. Such a tract occurs 

♦American Gfolocjist, vol. xiv, p. 1^88, Dec, 1894. 



liiver Valletjs of the Ozark Plateau. — Hershey. B41 

at the head of Pine run in Stone county, and overlooks much 
of the surrounding country. It is composed of strata yielding 
more readily to surface erosion than the sandstone ridge at 
Seholt«n, and hence is less prominent. Its topography resem- 
bles that of the plateau country, of which it may be consid- 
ered an outlier. 

Only in one way can the steep-sided sandstone mounds and 
ridges have been produced, namely, by erosion. There are 
several ways by which the shallow basins on the peneplain 
may have been produced. They may be due to warpings of 
the earth's surface since the post-Cretaceous elevation of the 
Ozarks. Warping has certainly occurred over most of the 
Ozark region, but, in that particular portion of it under 
consideration, the strata are so nearly horizontal that no 
great amount of warping can have occurred. Besides, the 
basins form such a regular system, and have such relation to 
the rocky strata under them, that some form of erosion, 
instead of warping, will better explain all the phenomena. 

These shallow basins may be supposed to have been pro- 
duced by subaerial erosion since the elevation of the pene- 
plain. The broader ridges are tlat-topped and quite regular 
in hight. They gently descend from the sides to the center 
of the basin. Now, surface erosion should be fully or nearly 
as much at the edges of the basins as in the center. Where 
the edges are narrow, the effect on the streams on either side 
has been to depress them from 10 to 25 feet. Hut this is 
quite unlike the steady slope of a ridge from one end to 
another. Again, th(» centers of the larger basins are some- 
times 50 to 100 or more feet lower than the rim. Ordinary 
surface erosion in a hilly country could not be the cause of 
this. In short, it may be said that the theorv of surface 
erosion since the elevation of the peneplain is inconsistent 
with the phenomena of the basins. 

One other hypothesis remains open for inspection, namely, 
that the almost imperceptibh* l)asins here discussed are the 
outlines of the h^^drographic basins of the streams which 
flowed on the Cretaceous lowland plain. This hypothesis 
seems to explain all the phenonwMia. The baseleveling of 
the region was nearly cc>mpl(»te. The rims of our basins 
occupy the situations of the dividing cols of the ancient 
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drainaf^f HyHti'fii. The elevated tracts like that at the head 
of Pine run in Stoiie county, and the plateau e«>untry or crest 
of the Ozarkfi, were the higher portioni^ of the plain, where 
the fitreanix had their f^fiurceti. The short ridges and mounds 
above described were preserved from erosion on account of 
the hardness of their strata, and were the onlv elevations of 
any prominence on the ancient plain. 

Tebtiaky Vallkys. 

The larger streams in the Ozark region are exceedingly tor- 
tuous and flow in comparatively narrow, steep-sided valleys, 
trenched 200 to 5^)0 feet below the level of the surrounding 
upland. The meanders of the streams are similar in form to 
thow prfKluced on broad flood-plains: but in this case the 
valleys partake of the meandering course of the rivers, and 
there are practically no flood-plains, although generally a 
narrow tract of river swamp deposit spreads to a few times 
the width of the stream, and changes about from side to side 
as it is displaced b^' the river approaching the blulfs. 

These river valleys are compound, consisting of a smaill 
trough excavated in the bottom of a much larger trough or 
valley. The duplex form of the valleys is especially notice- 
able ill the portion of the White river basin crossing the region 
(»f Lower ('ar})oniferous limestone. Standing on the edge of 
the higher upland, on th(* heavily timbered ridges of the ex- 
ceedingly rough country locally known as the Carney moun- 
tains, and looking south across the valley of White river, one 
sees a broad moderately rolling plain, pleasantly diversified 
with <MiItivat(»d lands and small tracts of timber, and bounded 
on the southern side beyond the Arkansas line by the pine- 
clad hills of the Eureka mountains. Far t<» the west is the 
still higher range of the Pea ridge, and scattered about in the 
cultivated lowland are timbered, cone-shaped hills or peaks, 
rising nearly or (juite to the level of the surrounding moun- 
tainous tracts. Descending from the hills and traversing the 
lower but still undulating country, the traveler is surprised to 
lind the White rivi*r occupying w small valley only four or five 
times wider than its stream bed, although trenched 100 or 
more i'eet l)(*low the level of tin* larger valley. 
. In the smaller valh^ys of the region the contrast between the 
two troughs is not so prominent. Along the James river and 
smaller streams, such as Flat creek, the plane of demarkation 



River Valleyis of the Ozark Plateau. — JIern/iet/. 84B 

between the two troughs consists of persistent though some- 
what irregular terraces, known among the settlers as "bench 
lands," which are found near the base of the valley slopes, fre- 
quently changing from side to side as the lower trough may 
approach one or the other of the older valley's borders. These 
'"bench lands" are persistent throughout that district, and to 
some extent throughout the Ozarks. SFarting near the head- 
waters of the streams, they first appear as a slight relief along 
the sides of the valley bottom. Thence, as the main valley 
deepens, they rise higher above its bottom and become broader 
and more prominent features of the topography. The town 
of Galena in Stone county, Missouri, is mainly built on this 
terrace plane, and many of the farm buildingsalong the James 
river have been erected on its fiat surface, especially where, at 
the intersection of valleys, it frequently runs far out in a point 
or cape-like projection. At Galena and in all valleys of that 
vicinity the hight of the terrace above the present streams aver- 
ages from 50 to 60 feet; but where it connects with the broad 
ancient valley of White river, its elevation is considerably over 
100 feet above the stream. Farther on down the latter valley 
in Taney county, Missouri, and in the portion of the Ozarks 
extending into Arkansas through which the White river flows, 
much of the country near the river, which is described as a 
very hilly upland, is in truth merely a part of the upper 
trough or ancient valley that has been deeply excavated by 
subsequent erosion. 

When first observed by the writer, these terraces were 
thought due possibly to a diversity in hardness of the various 
strata of the bed-rock of the region. It was noticed that the 
valley above the terrace was excavated in the chert}' shales 
and limestones of the Lower Carboniferous system, while the 
lower trough was trenched chiefly- into the dolomites of the 
Ozark series. But a comparison of erosion forms in the east- 
ern Ozarks and the western portion of Missouri made it evi- 
dent that the Lower Carboniferous rocks were harder and 
less easily eroded than the strata of the Ozark series. Further- 
more, in tracing the terrace plane up the smaller valleys, it 
was found to be equally well developed after th<» Ozark dol- 
omites, or "cotton-rock," as they are locally denominated, had 
disappeared under the base of the valleys; and when these 
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terraces had been traced up over the Kinderhook shalen onto 
the crinoidal limestone of the Burlington period, it became a 
certainty that the variable hardness of the rock had nothing 
whatever to do with the formation of the terraces. After the 
upper trough or main portion of the stream valleys had been 
excavated to approximately its present size and form, the 
entire region in whi^i these terraces occur, which includes 
the Ozark plateau and much of the surrounding country, was 
elevated by an epeirogenic movement, which lowered the base- 
level relatively to the general surface, and permitted the 
streams to cut new valleys in the bottom of the older ones. 
Whatever movements may have subsequently affected the 
region, this elevation was to a certain extent permanent. 

Isolated remnants of what appear to be terraces occur at 
various hights along the hillsides far above the prominent 
terrace here described, but they are indistinct and unimport- 
ant, and no attempt has been made to correlate them. Some 
probably are due to difference in hardness of the rocks; 
others ma}'^ record slight movements of the region, while the 
remainder may have originated through variability in erosive 
power, to which all streams are liable. 

The problem of locating, among the periods of geologic 
time, the date of the epeirogenic elevatory movement to whicli 
the lower troughs owe their origin, is rather ditticult at the 
present stage of the study. I will, however, endeavor to indi- 
cate my opinion on the subject, and will make use of several 
methods for determining the age of a valley. The first is by 
a comparison of valleys in the Ozarks with valleys of a known 
age in other regions ; and the second is by the stratigraphic 
relations of the inclosed deposits. 

It is generally conc<»d(Hl that streams of nearly equal size, 
flowing with e(|ual drainage gradients, through strata pre- 
senting the same resistance to erosion, will erode valleys 
approximately ecjual in size. Hence, also, nearly equal val- 
leys (all conditions governing their erosion being about alike) 
may be considered to have been formed in essentially the 
same length of time. I wish to apply this principle in roughly- 
determining the age of the valley's in the Ozarks, and shall 
<'ompare the valleys of three streams in Illinois, namely, the 
Hock and Pecatonica rivers and Yellow creek, with four 
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streams in Missouri, namely, the Osage river on the northern 
slo[>e of the Ozark uplift, and the White and James rivers and 
Flat creek on the southeastern slope of the same highland 
region. 

The ancient or Tertiary valley of the Rock river, which is 
still occupied by this stream to the mouth of the Kishwaukee 
river, averages three miles in width and 150 feet in depth. 
The upper trough of the White river in Missouri averages 
l)erhaps three to five miles in width and 200 feet in depth. It 
will thus be seen that they are approximately eiiual in size; 
the amount of strata excavated by the White river is some- 
what greater than by Rock river, but at the same time the 
drainage area of the former above the point of comparison is 
greater than of the latter. 1 am not so well acquainted w4th 
the valley of the Osage, but know its upper trough to be sim- 
ilar ir> size to the Tertiary valley of Rock river. 

The Tertiary or preglacial valley of the Pecatonica river in 
northwestern Illinois — a stream comparable in size to the 
James river in southwestern Missouri — is from one to two 
miles wide and averages 150 feet in depth. The upper trough 
of the James river varies from a half mile to one mile in 
width, with an average depth of 200 feet. The Pecatonica 
valley is thus somewhat larger than the upper valley' of the 
James; but the former is excavated in softer strata than the 
latter, and apparently required about the same length of time 
for the performance of the work of erosion. 

Again, the preglacial valley of Yellow creek in northwest- 
ern Illinois — a stream comparable in size to Flat creek in 
southwestern Missouri — is 8,000 feet in width and 150 feet in 
depth. The upper gorge or valley of Flat creek varies from 
one- fourth to three-fourths of a mile in width, and averages 
200 feet in depth. So they, likewise, are api)roximately 
equal in size. 

Other valleys in northwestern Illinois and southwestern 
Wisconsin could be compared with valleys in the Ozark 
region with a like result. It is evident that as the valleys in 
the former region are about equal in size to the upper gorges 
or valleys in the Ozark region, when all the conditions of 
areas of drainage basins, drainage gradient, and rock strata 
are similar, they required about the same length of time for 
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their excavation. Now, the period of erosion of the ancient 
valleys in northwestern Illinois is limited, being subsequent 
to the period of Cretaceous baseleveling and previous to the 
glaciation of the region. In short, it corresponds to the Ter- 
tiar}^ era, and I have referred to the valleys then eroded as 
Tertiary valleys. Similarly in the Ozark region the erosion 
of the upper troughs of the streams first began when the Jura- 
Cretaceous peneplain was uplifted, and continued to the close 
of the Tertiary era. These troughs are the Tertiary valleys* of 
southern Missouri, while the nearly imperceptible basins on 
the peneplain are the Cretaceous valleys of the same region. 

Quaternary Valleys. 

The Pleistocene gorge of the Rock river below the mouth of 
the Kishwaukee in Illinois first came into existence on the re- 
treat of the first ice-sheet that had overrun what is now Il- 
linois, and it has been in process of formation, at varying 
rates, ever since. But it was practically completed previous 
to the deposition of the loess of the Mississippi valle3^ It 
averages, in the portions which are strictly post-Tertiarv in 
age, about a quarter of a mile in width and 75 to 150 feet in 
depth. The lower gorge or present valley of the White river 
is a fourth to a half of a mile in width, and averages in Mis- 
souri 100 feet in depth. Tiie cross-section of one is thus seen 
to be aj)proximately equal to the other. Similar Pleistocene 
rock gorges of the Pecatonica river are an eighth of a mile 
wide and 60 feet deep. The lower trough of the James river 
near Calena averages a sixth of a mile in width and 60 feet 
in depth. Pleistocene gorges in the Yellow creek valley are 
about 400 feet wide and 60 feet deep. The lower trough in 
the Flat creek valley averages 600 feet wide and 60 feet deep. 
It is thus seen that the cross-section of the lower troughs nr 
immediate* valleys of the Ozark streams is greater than of the 
Pleistocene* vallevs in northwestern Illinois, but the ditferen<*e 
is not very great in amount. 

It must be r<Mnembered, however, that the gorges of lllin<>is 
extend through only a comparativeh' small portion of a 
stream's course, while those (»f Missouri extend throughout 
the entire length of the* stream. But since the Pleistocene 
valleys, although (iuit(* narrow as compared with the Tertiary 
vallevs of the sain;* region, are from three to twenty times as 
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wide as the j)resent streams, the greater portion of the period 
of erosion is known to have been occupied by the stream in 
widening its valley by meandering and undermining its walls, 
which take place not more than a few times more rapidly in 
a short than in a long gorge. My observations show that the 
cross-section of a gorge does not depend so much on its length 
as it does on the depth and on the nature of the rock. A 
comparison of short valleys and ravines, having nearly e(|ual 
drainage areas, of Pleistocene age in northwestern Illinois, and 
of the age of the lower troughs in southern Missouri, shows 
that the latter are not many times larger than the former. In 
short, from an examination of all the phenomena in both re- 
gions, I feel safe in asserting that the lower troughs or present 
immediate valleys of the streams in the Ozark region have 
not required more than two or possibly three times as long for 
their excavation as the Pleistocene gorges and ravines of 
northwestern Illinois. 

The earliest known glaciation of Illinois, although many 
times older than the last or that which formed the great mo- 
raine systems, was still perhaps nearer the middle than the 
beginning of the Quaternary era; and, as the erosion of the 
rock-gorges of Illinois has occupied perhaps three-fourths of 
the time since that first glaciation, its length is probably not 
over half that of the Quaternary era. Therefore the period 
of erosion of the lower troughs of the Ozark region, if only 
two or three times as long, would correspond approximately 
to the whole of this era. This reasoning is far from conclusive, 
but, as I hope to show, there is other and even stronger evi- 
dence that the channeling" of these valleys began near the be- 
ginning of Quaternary time. 

MEANDKRINCi CoUKSES OF THE STREAMS. 

The cause of the exceeding crookedness of the Ozark valleys 
has been much discussed during the past few years, two chief 
hypotheses being advanced. One attributes the interminable 
windings of the streams to the effect on them of systems of 
joint planes developed in the Ozarks. While some of the 
minor crooks of the valleys may be due to this cause, I can 
find nothing but contradictory evidence in the application of 
this theory to the larger valleys. Slight anticlinals are locally 
developed in the Ozarks, but the streams maintain their 
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eoiir^es irresj>ective of their exist^^nee. The theory which 
KceeiUH most in aecordance with the known facts is that which 
attributes the crooks to the former meandering of the streams 
on a lowland plain. I have observed that the valleys endeavor 
to follow the lowest portions of the ancient Cretaceous valleys 
or basins, which, as we have seen, supplied the conditions for 
the development of a most perfect system of meanders. The 
old Tertiary valleys are not nearly so crooked as are the 
streams at the present day. In general, the windings of the 
Cretaceous streams, as revealed by the Tertiary valleys, were 
of greater magnitude than at any subsequent |)eriod, and were 
in proportion to the size of the stream. It is assumed that, 
following the post-Cretaceous elevation of the Ozarks — the 
most profound elevatory movement which has ever affected 
them, — the streams trenched their valleys in the positions 
which they had formerly occupied on the peneplain. After 
cutting to the new Tertiary baselevel they spent a long |)eriod 
in undermining the valley walls, until they had formed a new 
but much more circumscribed flood-plain, about which they 
meandered somewhat like the streams of the present day. 

As indicated by the lower troughs of the valleys, this late 
Tertiary system of meanders was less in magnitude than the 
previous Cretaceous system. This may have been due either 
t(» the more limited area of the Hood-plain or to a diminished 
sup[)ly of water, probably in j)art to both these conditions. 
We have now reached the second step in the production of the 
crooks ill the present rivers, for the lower or Quaternary 
valley winds al>out within the very crooked Tertiary valley. 
The post-Tertiary elevation appears to have been sufficiently 
rapid to cause the streams to cut the new valleys exactly or 
nearly under their old courses. In the progress of time the 
streams had again cut to their new baselevel, and have since 
widened their valleys sufficiently to allow the formation of a 
new syst(Mn of meanders, which, however, is very imperfect as 
comj)ared with the previous ones. The streams are flowing 
from side to side of the vallev, first undermining one bluff 
and then the other, forming high mural precipices on the 
outer side of the curves and a comparatively gentle slope on 
the inner side. It is a system of meanders confined to too 
limited an area to give it free play, and were the rocky walls 
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removed it would probably be comparable in size to that of 
the Tertiary era, but not of the CretaceouB. This is the third 
and last step in the formation of the present courses of the 
streams, which, as mapped, may be considered to be the com- 
plex result of three distinct systems of meanders separated 
by wide intervals of time. 

Comparative Straightness of the Missouri Valley. 

The Missouri river flows across the northern edge of the 
Ozark uplift, but differs from other rivers of the region by 
being comparatively straight, although above the region of 
the uplift it has a broad valley and meanders on a flood- 
plain. The immediate valley of the river, from near Boone- 
ville onward, varies from one to two miles in width, and is 
trenched below the floor of another valley several times as 
large. At Jefferson City the lower gorge is perhaps about 100 
feet deep, and the rim of the upper gorge or trough lies a 
short distance south of the city and is about 200 feet above 
the river. 

In explanation of the comparative straightness of the 
Missouri valley two principal hypotheses may be examined. 
The first is that it is due to a straightening of the river by 
the ice-sheet which once covered northern Missouri and 
advanced to the Missouri valley, yet apparently did'not ex- 
tend beyond it in this region; but the valley was in existence 
previous to the glaciation of its northern side, as its relation 
to the drift shows, and was just as straight in preglacial times 
as now. The other hypothesis is, I believe, the one most 
accordant with the facts. The Missouri river did [liot exist 
in any form comparable to its present size until after the 
elevation of the vast Cretaceous beds of the Northwest. 
Hence, while the tortuous vallevs of the other streams in the 
Ozark region are largely due to a meandering on a Cretaceous 
flood- plain, the Missouri river did not then exist; and sub- 
sequently in Tertiary time, when it iirst began to flow,^it took 
the straightest course across the edge of the Ozark uplift. 

The Lafayette Formation. 

Numerous writers on the geology of southern Missouri have 
mentioned the existence of a local drift in the valleys, which 
is doubtless in large part the same deposit that I propose to 
describe as the probable eciuivalent of the Lafayette fornui.. 
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tion. It first attracted my attention in the valley of the 
James river, where I found that the terraces or ''benches" are 
covered with a mixture of river gravel, broken chert, clay, and 
sand, which, when a fresh exposure is found, is seen to be 
roughly stratified. An examination of all the valleys in the 
region shows that this particular de|>osit is confined to the 
top and slopes of the terraces. In some places, notabij^ at the 
town of (ialena, it consists of large quantities of moderately 
coarse subangular gravel imbedded in a red clay. The thick- 
ness reaches as much as 10 or 12 feet, and its base where ex- 
posed is seen to rest on smooth and waterworn surfaces of 
the solid dolomite rock. In other places its materials are 
finer and it freciuently consists of a bed of fine sand or loam 
nearly fr<»e from pebbles. I have picked from the sides of 
gullies (|uite large masses of transparent quartz crystals that 
have been formed in the loam since its deposition. The color 
of the clays and sands which make up the body of this de- 
posit is prevailingly deep red, locally varying to orange. It 
differs from all the other deposits of the region, — from the re- 
tsidual clays and chert gravels on the ridges, by its being a 
river gravel, its bright red color, and slight but distinctly flu- 
vial stratilication : from the present river deposits, by its 
color, finer texture (indicating less jxiwerful currents), and its 
elevated position: and from the Columbia clays by the pres- 
ence of much gravel, absence of fossils, and red color. 

The position of this deposit indicates that, previous to the 
cutting of the lower canons or present gorges, it lined the 
broad, nearly level bottoms of the Tertiary valleys. In short, 
it is the deposit which constituted the flood-plains of the 
streams just previous to th(* earh' Quaternary uplifting of the 
region. As that uplift of the Ozarks apj)ears to have been 
contemporaneous with the post-Lafay<*tte period of elevation 
and rapid erosion immediately succeeding the Lafayette period 
of deposition, it becomes evident that our ancient river de- 
posit must have been laid down during some part of the La- 
fayette period. The nature of the deposit indicates rather 
enfeebled erosion, and the ancient river was struggling with a 
mass of clay and sand, the accumulation of which was prob- 
ably occasioned by a slight subsidence of the region, in con- 
function with the Lafayette submergence in the Mississippi 
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cMiiba\'inent. Lithologieally, the deposit under discussion 
bears a strong resemblance to portions of the Lafayette for- 
mation where it was hiid down in vaHevs near the coast line 
of the sea in which the main body of the deposit was being 
formed; and, so far as I have been able to learn, the terrace 
deposits of the James and upper White river valleys run down 
the sides of the latter valley until they connect with the un- 
doubted Lafayette deposits of the embayment region. 

Assuming our correlation to be correct, we find that, during 
the period of submergence of the lower Mississippi region and 
deposition of the Lafayette formation, the erosion of the 
Ozarks was in a period of quiescence. The streams meander- 
ed in broad flood-plains, their power of excavation was at a 
minimum, and they were slowly building up a red loamy de- 
posit, which, as it took place in the Ozarks, could not help 
but have large quantities of gravel incorjmrated with it, and 
which may be considered as the Ozark type of the Lafayette 
formation. 

Perhaps the bright red color of the deposits of that period 
indicates a somewhat warmer climate in the Ozarks than at 
present. 

Post- L af a v kfte E le v atiox. 

It is a well known fact that the Lafayette period was 
terminated by an elevation of the continental plateau, at 
least in the vicinity of the former areas f)f deposition; and, 
from the existence of deep submarine continuations of the 
present river valleys, the elevation appears to have been of 
continental extent, and to have terminated the Tertiary era 
and initiated the Quaternary. The Ozark plateau partici- 
pated in this great epeirogenic movement. The lower canons 
or present valleys of the streams are a record of this eleva- 
tion, and they also show that to a certain extent the elevation 
has been permanent. It may have originally been greater 
than now, and during the Columbia ej)och was undoubtedly 
less than now; but the altitude of the Ozarks relative to that 
of the lands north, east, and south of them, is now greater 
than it was previous to the j)ost-Lafayette elevation. That is, 
in addition to the grand epeirogenic ni(»vcment, there was 
also a slight orogcnic iiiov<Mnent, such as has freciuently 
affected the Ozarks. 
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During the long |)eriod of eronion which ensued a* the 
renult of^the elevation, the BtreaniH, whose activity was thusJ 
greatly nenewed, excavated their new valleys to substantially 
their present dimensions before the occurrence of the next 
episode recorded in the Ozark plateau. This excavation 
meant the removal of, first, the Lafayette deposits in the 
* streanijbed ; next, the cutting of the underlying solid rock 
to near haselevel ; and then a widening of the valley, by the 
undermining of its walls, to several times the width of the 
present streams in the case of the larger valleys, and to many 
times their width in the minor valleys. This period was un- 
doubtedly^long, and meanwhile the first glacial stage or epoch 
had come and gone, leaving the Kansan drift sheet over the 
region north and east of the Ozarks. The first interglacial 
epoch, indicated in the region northward by a long period of 
subaerial vrosion on the previously ice-covered areas, I have 
been unable to separate from the preceding epochs in those 
portions of the Ozarks that I have studied. The Kansan 
glaciation was probably attended by increased precipitation 
in this region and great erosion, but its effects have been 
obliterateti during subsequent epochs. 

Thk Coi.rMBiA Formation. 

The beds of loess which art* found in great thickness along 

the Missouri valley within the state of Missouri and far to the 

northwest up that strt»am, and which also spread out in thin 

sheets over the lower upland country near by, do not continue 

info the Ozark region with any large development. Even in 

the b«>rtit-r portions of the uplift the higher upland ridges are 

free fr»»m Kiess, although no higher than many loess-covered 

ridges x*.» the north. But along such streams as the Osage and 

Ga«r*>r.ade rivers, the Kh*ss, or rather a loamy deposit resem- 

hlinz '-••e>s, extends to a gn^at distance within the Ozark re- 

Z30E. It is at first a pretty definitely marked deposit, and 

f-c*rs3> ^>w terraces. iHvasionally narn^w second bottoms, and 

♦'Ten spreads out over the lower ridgt^s of the valleys. As the 

t»**dwhiers of the str<\Hms an* appnvached, it becomes less dis- 

liBcu ahhous^h still «vcasionally forming low and imperfect 

<»es: and fin.nlly. at an elevation exceeding UOW feet 

ihr >*\^, this de|>t>>it i> ji^^nerally not present in any 

iabU' ft^rnj- i'rx>ssinir the watersheti and de^^nding oi^ 
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the south slope of the uplift, we find a precisely similar de- 
j[)Osit beginning to appear at intervals along the banks of the 
streams, growing more and more distinct from the 1,000-foot 
level down, forming low terraces, and finally, as I have been 
informed, connecting with the undoubted Columbia deposits 
^long the borders of the Mississippi embayment region. 

This deposit is invariably a reddish brown, light-brown, or 
sometimes butf-colored, sandy clay, nearl}" free from pebbles 
except in its lower portion. Fossils occur scattered through 
the deposit, mostly terrestrial species, generally land snails. 
It is usually semi-massive, although occasionally well strati- 
fied. It occurs on the sides of the lower troughs or present 
stream valleys as remnants of a formation which once com- 
pletely filled the valleys to the level of the present uppermost 
deposits, but which has been almost completely removed. Al- 
though falling far short of the Lafayette level, this Columbia 
level is much above the present highest flood-plain deposits. 
This formation was of fluvial origin, when the streams ran at 
a much higher level than they ever succeed in reaching at the 
present time. The streams, however had already cut their val- 
leys to nearly their present depth, so that their Columbia 
high level was produced either by excessive rainfall or by a 
subsidence of the land with the consequent general raising of 
the water level. The former hypothesis is disposed of by the 
nature of the deposits, which contain few pebbles and indicate 
deposition in sluggish currents. Hence it was a raising of 
the water level consequent on a subsidence of the entire Ozark 
plateau, which caused a flooding of the streams by great . 
diminution of the drainage gradient, and resulted in the de- 
position of the Columbia clays in the valleys of the region. 
The color and texture of the deposit indicate either a small 
amount of vegetation, insufficient to form a black soil, or a 
rather rapid gathering of the material from the subsoil cla>' 
of the ridges by increasing precipitation of rain or snow. 
Probably both these conditions were present together, and 
were caused by the proximity to a vast ice sheet on the north, 
the lowan glacial stage or epoch being then at its climax. 

The synchronism of these clays with the Columbia deposits 
of the lower Mississippi and Missouri region seems reason- 
ably certain, for not on\y is there apparent continuity between 
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them, but wherever the surface erosion and small gullies are 
studied it is found to be similar in amount to that on both 
the Columbia loams of the South, and the Mississippi and 
Missouri loess deposits of the North. Moreover, the subsi- 
denee of the Ozarks, which their phenomena clearly indicate, 
was undoubtedly contemjwraneous with that of all the sur- 
rounding regions, and they were merely a portion of the 
great tract which participated in the epeirogenie movement 
of depression characterizing the Columbia e}M)ch. The amount 
of this depression below the present level of the country was^ 
variable in the Ozarks. Although i>erhaps only a few hun- 
dred feet in the southern part, it was undoubtedly 400 to 600 
feet throughout the central portion, and i)erhaps 1,000 feet 
or more at the northeastern corner of the uplift. 

In approaching St. Louis from the west on the St. L. ^ 
S. F. railroad, the loess or Columbia loam is tirst observed on 
the upland ridges in the vicinity of Cuba, at an elevation 
slightly exceeding 1,000 feet above the sea. Thence to the 
Mississippi river this loam is found to overspread the surface, 
excepting where, as on st^ep hillsides, it has been removed by 
erosion: and it increases in thickness as lower levels are 
reached, and espt^cially along the streams, until it connects, 
after having passed over the Meramec highlands, with the 
undoubted Mississippi loess at St. Louis. This same bed of 
clay (»r loam rests on the eastern slope of the Ozark plateau 
south from this line, l)ut terminates, as 1 am informed, at 
progressively lower levels until it conne<jts with the undoubted 
marine Columbia deposits of the embayment region. The 
great depression and partial submergence of the Ozark area 
here indicated is amj)ly suttlcient to account for the per- 
manently tiooded but sluggish condition of the streams in the 
valleys of the central and western portions of the plateau. 

Post- Colu m b i a E lev at i on . 

Since the Columbia epoch the valleys of the Ozark region 
have been gradually assuming their present aspect. First, 
there was an elevation to approximately- the present altitude. 
The region undoubtedly participated to a certain extent in 
the minor movements of neighboring regions later in the 
(ilacial period; but these movements were comparatively 
slight and had little eti'ect on the erosive power of the streams. 
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As farther north, the streams have done but little more work 
since the Columbia epoch than to clear out their ancient 
channels (which they have not y^-t <|uite accomplished), and 
to begin an attack on the solid rock in places, though they 
have as yet made comparatively little impression on it. 

The present altitude of the Ozark region is, I believe,, 
rather above, than below the normal level. Many of the 
streams abound in rapids, and even some low falls occur that 
show the streams to be still at work cutting down the bottoms 
of their beds. In dry weather some small streams disappear 
entirely and How below the surface in some cases through 
crevices and caves in the bed rock of the valley. It is also to 
be noted that many of the springs tlowing from caves have, 
within a comparatively recent time, cut rapidly to a lower 
level, and emerge at other places than formerly. Of course, 
it is the habit of springs to change their place of emergence, 
but the recent change in the Ozarks is of such a nature as to 
indicate, I believe, a slight elevation of the region. All the 
larger caves are Tertiary in age, and are generally quite dry. 
At a lower level, and much less in size, occur the (iuarternary 
caves. Still lower, and generally well filled by the streams 
flowing in them, are the caves which now are in the process 
of formation. 

( -HKONOUX;!' INOICATKI) BY THK OZAUK VaLLKYS. 

Studies of the changes, and of the time re(|uired for each, 
in the drift-covered regions, have given a probable mean for 
post-Columbia time of 50,000 years. Those who have studied 
the question from phenomena occurring in the coastal plain 
region want a longer time: but in the Ozarks this time seems 
sufficiently long, and even more than is necessary, to account 
for the work which has been done. In the drift r<»gions]]of 
the upper Mississippi valley, the time above given is the mean 
of all estimates made bv the writer: and I shall consider it as 
the most probable approximate length of j)ost-Columbia time. 

It is somewhat diflicult to compare the amount of erosi(»njn 
the Ozark valleys since the Lafayette period with that since 
the (-olumbia epoch: but, making due allowance for a ditler- 
ence in hardness of material excavated, and also for a prol)a- 
bly greater erosive power before than since the Columbia 
epoch, due partly to difference in gradient, climate and a 
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long?r tini? of increased precipitation during th? Kansan than 
during the lowan and later glacial stages. I should say that 
the ratio of post-Lafayette or Quaternary time to post-Co- 
lumbia time, as recorded in the Ozarks, is approximately as 6 
t^> 1. In other words, about 300,0(X) years may have elapsed 
since the Quaternary valleys of the Ozark region began to be 
excavated. A comparison of the size of the Quaternary troughs 
of the region with various valleys and parts of valleys in the 
drift-covered area, whose age has been calculated from various 
phenomena connected with them, also brings a probable mean 
of 300,000 years for the age of the Quaternary valleys of Mis- 
souri and Arkansas. 

The most reliable estimates of the length of the Quaternary 
era give it 200,000 years as a minimum and 300,000 years as a 
maximum. The amount of material removed from the upper 
troughs or Tertiary valleys of the Ozarks, being on an average 
twelve times as great as from the Quaternary valleys, would 
require, under similar condition of erosion, from 2,400,000 to 
3,600,000, or, in round numbers, somewhere between two and 
four millions of years. This agrees well with estimates of the 
length of the Tertiary era derived from studies of the changes 
of its molluscan faunas, whereby the probability of the cor- 
rectness of the figures is confirmed. 

Any estimates which might be made of the length of time 
occupied in forming the Jura-Cretaceous peneplain over what 
is now the Ozark plateau or mountain region would, owing to 
a want of knowledge of some of the factors, be of no value 
whatever, and I will not attempt it. The erosion doubtless 
iiraounted to a removal of at least 100 feet, or perhaps several 
hundreds f>f feet of strata, mostlv sandstone and shale, with 
a little limestone, from the entire Ozark region. 

CoxcLrsiox. 

We have now endeavored to trace the changes in the topog- 
raphy of the Ozark region, and the history of the erosion of 
its valleys. We have found lio new formation, no earth move- 
ment separate in time and quality from those which have 
ati'ected all the eastern portion of the continent. The Ozarks 
j)articipated in the movements of elevation and subsidence of 
the contiguous areas. The best marked epochs or periods of 
(Tosion are jis well defined here as elsewhere: and the princi- 
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pal formations of the epochs of partial or complete submer- 
gence in contiguous areas are represented at their proper 
rhorizons throughout the Ozarks, although in a much less 
developed condition. 

The geological history of the Ozark plateau, since the Jura 
period, may be summarized as follows : 

1. First seen in the Cretaceous period as a low marshy plain, 
with river systems similar in extent as now, — the Jura-Greta- 
<5eou8 peneplain. 

2. Undergoing an elevation of some hundreds of feet, re- 
sulting in the excavation of deep broad valleys throughout 
the border portions of what had become the Ozark plateau, — 
Tertiary valleys. 

3. Probable slight subsidence, resulting in accumulation of 
M. red loamy and gravelly flood-plain deposit in the vallej's, — 

the Lafayette formation. 

4. A well marked, and to a certain extent permanent, uplift 
•of the region, resulting in the formation of a new set of val- 
Jeys in the bottom of the older ones, — Quaternary valleys. 

6. Temporary and comparatively rapid, but yet consider- 
able, depression of the area, resulting in the deposition of a 
loam in the valleys, — the Columbia formation. 

6. Re-elevation to approximately the present level, with re- 
excavation of valleys which had become partially filled by 
ioam, — the present valleys. 



A STUDY OF THE BELVIDERE BEDS. 

By F. W. Craoin. Colorado Sprin^H, Colo. 

The name Belvidere was once employed in the writer's man- 
uscript as a designation for the Comanche Cretaceous shales 
-of the Belvidere district of southern Kansas, but was with- 
held from publication. These shales were finally named the 
Kiowa shales in volume 5 of Colorado College Studies. The 
name Kiowa was considered preferable to that of Belvidere 
'because in Kayser-Lake's Text-book of Comparative Geology, 
now in use in many leading American institutions, the term 
Belvedere beds is given (page 365) for certain Tertiary sands 
and gravels of Austria. The proposed name Belvidere dif- 
fered in spelling b}' one letter only, and in pronunciation 
scarcely enough to distinguish it in ordinary conversation 
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from thi' **stahlishecl one. Belveclfrt*; nnd it was feared that 
it iiii^ht l)e \(u% near the older name. Hut if it he eonitidered 
that two terms really, even if sli^htlv, different in spelling 
and applying to deposits widely separated in locality and ge- 
olo^ii'al age are in no danger «if confusion — a view that seems 
not unreasonable — then the writer would suggest that the 
name Belvidere be retained, not in the svnonvmous term 
"Belvidere ^hales." reeentlv substituted for Kiowa shales bv 
Prof. Hill in nn artiele in the American Journal of Science,* 
but in the term Jitlrhlt^r*' httln, used in the Plains section of 
the same article, and including the Cheyenne sandstone and 
the Kiowa shales, together with No. 5 of the Belvidere section, 
a terrane that the writer fornierlv include<l with the Kiowa 
shales and that Prof. Hill's recent article makes first a part of 
the Kiowa shales {rhlv lit infra) and then a part of the Chey- 
enne sandstone, and which is here recognized as a formation 
si'pjtrate from either of these, though related to both, and 
railed the fh*nn/Hon shtlUUvti. 

Prof. Hill is not verv eonsistent in his use of the name Bel- 
vid«'re in the article referred tr». He first uses the term Bel- 
vid»'re <ha]es in his Black Hills se<*tionl as an exact svnonvm 
of Kiowa shalr< as the latter term was originally defined, or in 
other words so as to ini'lude the ( hampion shell-be^ (his No. 
4): then defines Bt-lvidere shales* so as to rj-chnfe the (*ham- 
pion sh«'ll-bed: and on the same page with the definition, caps 
this combination by using the term Belvidere bed sg to include 
the Kiowa shales and the (hevenne sandstone; and finallv he 
giv«-s I a list of fossils whi<*li. he states, the writer has reported 
from the "Belvidere shales,*" and here again he includes the 
Champion shell-bt»ds in these shales, as his listing of the 
Champion f<»ssils, Astrin'nuin ,n'ili'f'ormh. Mnrtjnrtta Hetrlter- 
rt/i. etc., shows. Thus four expressions of views, within the 
limits of one artiele, present three <'onflicting stratigraphic 
meanings for "Belvidere," — two meanings for "Belvidere 
shales'* and one for "Belviden- beds.'* Of the two meanings 
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for *'Belvidere shales," one, twice signified by use, makes that 
term an exact synon^^m of Kiowa shales as first proposed. 
The other, a definition proposed but contradicted by use in 
the same article, makes a few feet of sediments that appear 
below the main body of the Kiowa shales in one part of their 
area the excuse for coining a new term, whose meaning is so 
little and locally different from that of the prior term, Kiowa 
shales, as to be virtually a synonym of it. 

If a geological subdivision must be given a confessedly new 
name whenever one chooses to pare it ofi* or add to it a little, 
or has doubt about the original disposal of some small frac- 
tion of it, '"confusion worse confounded'' will increasingly re- 
sult and finally reign supreme in the science of stratigraphic 

geology. 

Prof. Hill did not think it necessary to find a new name for 

the Fredericksburg division when he removed the Glen Rose 
beds from it; and it is therefore hardly needful to find a new 
name for the Kiowa shales whetiier the little Champion bed, 
originally included as a basal and local fraction of the latter, 
he left in them or removed from them. These two instances 
merely illustrate the fact that in the majority of cases it is 
impossible to so define a newly proposed terrane that the defi- 
nition shall not be liable to future reasonable modification. 

If the name Belvidere be considered as retired bytheunfor- 
tunate double and synonymous use of it above cited, or una- 
vailable because too nearly like the name of the Austrian 
Belvedere beds, the designation Walker heffs^ referring to 
Walker's draw, a well known branch of the Medicine Lodge 
river south of Belvidere, on which exposures of all of the sub- 
divisions of this group are seen, may l)e used as the collective 
name for the Cheyenne, Champion and Kiowa. But owing to 
the prominent part that the vicinity of Belvidere has played in 
the history of our knowledge of the Comanche rocks of Kansas, 
it seems fitting (and on other grounds it has been shown not 
unreasonable) to retain the name Belvidere in some one of the 
fraternity of stratigraphic senses in which Prof. Hill has used 
it. For the present, therefore, the term Belvidere beds seems 
preferable to that of Walker beds as the collective designation 
for the Cheyenne sandstone, the Cliampinn shell-bed and the 
Kiowa shales. 



360 The American GeologiiL December, ii«&- 

Besides the forms listed in this article as belonging to the 
fauna of the Kiowa shales, the fauna of the Belvidere beds in- 
cludes the following fourteen fossils not known in the Belvi- 
dere district higher than the (.'hampion shell-bed : 

AatroctFtiia ntdiformin Crafjfin. Aatarte pikerisis Hill. 

Holectypua planatiis Roemer. Cardium bisolaris Crag. 

Serpnla champion i Crag. Homomya alta Roem. 

Osiren i*<Hinoken»iH Crag. Margarita tieicbeiTyi Crag. 

Grypluva piicheri Mortc>n, var. Turritella tseriatim-granulata 

liilli Crag. Roem., var. marnochi White^ 

Lima nemikwis Crag. Turritella {Lithotrochws) cf. hum- 
Pintia (unnaiicheajta Crag. Intldtii Von B. 

Limopais Hiibimhricata Crag. 

Altogether there are 78 forms in the known fauna of the 
Belvidere beds, 18 of which are Vertebrata and 65 Inverte- 
brata. Of these, all of the Vertebrata and 22 species (one- 
third) of the In vertebrata are peculiar to the Belvidere beds, 
or at least have been reported from only these and more or 
less closely related sediments occurring north of the Ouachita 
mountain-system in Kansas, Oklahoma and New Mexico. The 
Invertebrata thus peculiar have, with one exception, been de- 
scribed by the writer, and are as follows: 

Astrm'O' nia n idiform is. ( \irdiit m bisolarix. 

y ere is incognita. Tajws iH'lviderenais, 

Serpnla championi. Leptosolen ottei^ensis, 

Plicatnla senescens. Mactra antiqua. 

Aricnla belvidere nsis. Margarita niarcouana. 

Limopsis subindtricata. Margarita newbe)*ryi. 

Xncula catherina. Neritoma marconana, 

Remondia ferrissi. Lithotrochus ciJiumlxyldtii Von B. 

Cardita belviderensis. Vanikoro propinqua. 

( \irdin m kansasense. A nch nra kiowana, 

Cardium/ mudgei. Petersia medicinensis. 

The more important subdivisi(»ns of the Belvidere beds, as 
seen on the Medicine Lodge River valley in the Belvidere dis- 
trict and typically developed in what may be called the Elk- 
Otter tract, which extends from the heads of South Elk creek 
near the Barber-Comanche county line to the Otter Creek 
region in Kiowa county, are given in the following 
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Elk-Otter Section of the 
Belvidere Beds : 

III. Kiowa shales. 

4. Tueumeari shales (or zone of Gryphcea tucumcarii,) 
3. Fullington shales (or zone of Gi^phcea roemeri,) 

h. Blue Cut shales (or zone of typical and abundant 
Q, roemeri.) 

a. Black Hill shale (or Wafer-shale zone.) 

II. Champion shell-bed (or zone of Gryphcea hilli.) 

I. Cheyenne sandstonot 
2. Elk Creek beds. 

b, Stokes sandstone. 

rt. Lanphier beds (or Carbopyrite zone.) 
1. Corral sandstone. 

These subilivisionK may be conveniently discussed in the 
order in which they are grouped, beginning with the lower. 

THK CHEYENNE SANDSTONE. 

The Cheyenne saudsfone is a white to yellowish-gray sand- 
stone, often gaily colored with variations of red and purple in 
certain horizons, much cross-bedded, locally but not coarsely 
conglomeratic, and again very fine (almost floury) in certain 
eastern exposures. It is very porous and its locally phenom- 
enal display of colors, while perhaps in part due, as suggested 
by the writer in 1885, to chemical reactions following the 
infiltration of mineral-charged waters from superjacent form- 
ations, seems to be largely attributable to oxidations and 
reactions of substances native to the sandstone itself. At 
certain localities where the overlying sediments have been 
Neocene sands and the invading waters siliceous, infiltration 
has converted lenses of the Cheyenne sandstone into light 
bluish-gray quartzyte. One of these lenses, now broken down 
into blocks, covers the sides of a conical hill (m the Havard 
slope of the Havard-South Elk creek divide. To see a 
reported "blow-out", this hill was visited by the writer in 
the winter of 1884-'5, and described in No. 8 of the Bulletin 
of the Washburn College Laboratory of Xatural History. 
where the earliest notice of the Cheyenne sandstone appeared. 
A second lens of this sort is found near South Elk creek not 
far distant from the former. This is partly undermined and 
broken into blocks, but a considerable part of the ledge is 
still /// sittt. The quartzyte is not all perfect. It contains 
more or less soft spots, consisting of unmetamorphosed or 
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I)artially iiH'tainorphosed ferruginous sandstone, giving us a 
glimpse of a stage in the conversion of the sandstone intt> 
<|uartzyte. Some parts of this ledge are traversed with seams of 
eiialcedonv. 

The springs issuing from the Cheyenne sandstone are usu- 
ally of more or less distinctly mineral character. Iron, suU 
phuric acid, gypsum, epsom salts and alum are some of the 
substances which thev commonlv hold in solution. In some 
instances, as in the Blue spring on the now deserted Lanphier 
claim, the mineral matter imparts to the water a peculiar 
bluish-white turbidity. A less strongly mineralized spring in 
the box-canon head of Cameron draw, a ravine on the farm of 
Mr. Thomas Cameron, near Belvidere, is probably similar to 
the Blue spring in mineral character. A qualitative analysis 
made b}' Prof. G. H. Failyer, head of the chemical department 
of the Kansas State Agricultural College, shows that the 
water of the Cameron spring contains epsom salts, alum and 
gypsum. That this spring was formerly used by the Indians, 
is indicat-ed by the now rapidly vanishing hieroglyphics 
which the latter have carved in the soft Corral sandstone of 
the adjacent canon-wall.* A spring on North Klk creek, 
which was visited a few vears since by Mr. William A. 
vSherrill and the writer and was known to the settlers as 
Poison spring, issues from the sandstone in a trickling cur- 
rent so heavily laden with white flocculent precipitate as to 
have the consistency of corn-meal gruel. The mineral matter 
of the Poison spring, as indicated by the peculiar and astrin- 
gent taste, is probably in large [)art alum and epsom salts. 

Nodules of the yellow phosphate of iron were discovered in 
the Cheyenne sandstone by Prof. Faih'er as one of the results 
of a reconnaissance of the Barber-Clark county region, which 
he made in company with the writer last summer. This dis- 
covery makes it seem possible that traces of phosphorous ma}^ 
be found in the waters of some of the springs in this sand- 
stone. 

♦That the Cameron spring was used as a medicinal spring by the 
aborigines of the well-nauied Medicine Lodge River valley, and not 
merely as an accessible and sheltered camping spot, seems to be indi- 
cattM[l by the fact that the north side of this valley is here well supplied 
from bold springs of the Neocene gravels, w^ith streams of fine water, 
one of which, Spring creek, enters the bottom-land of the river opposite 
the mouth of Cameron draw, and is fringed along part of its course 
with thickets of timber and brush, affording excellent shelter. 
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In one of the tine, white, floury-appearing exposures of the 
Cheyenne sandstone, east of the Stokes hill*, and nearly on the 
Barber-Comanche county line, the writer once excavated a 
fossil tree-trunk, badly preserved, but showing some of the 
knots and broken-off' branches. It was forty-five feet long, 
with stump and top missing, and apparently signified a tree 
of at least twice that hight. Its excurrent habit indicated 
that it belonged to one of the conifers or their allies, but 
its microscopic structure was not examined. 

Fossil wood is common at certain localities in this sand- 
stone. 

The writer obtained the first foliage ((ilyptostrobus gracil- 
limttii/) hi ifitii in the Cheyenne sandstone in the fall of 1893, 
not more than half a mile from the Belvidere railway 
station; but although he had then known for several years 
of the discovery of a so-called leaf-bed in either the Carbo- 
pyrite or the Wafer-shale zone of the Belvidere beds by coal 
prospectors, he postponed looking up the locality of the 
supposed dicotyledons. The announcement of Prof. Hill's 
discovery has therefore come to the writer with a confirma- 
tory as well as scientific interest. 

The Cheyenne sandstone has not been positively identified 
west of Comanche county, but a remnant of grayish-white 
and ferruginous sandstone that should perhaps be referred to 
it, outcrops in the western edge of Little Basin in the western 
part of Clark county, beneath black lower Cretaceous shale. 

In his notice of the discovery of a dicotyledonous flora in 
the C'heyenne sandstone, in the June number of the American 
Journal of Science (page 473), Prof. Hill attributes to the 
writer the opinion that the Cheyenne is the equivalent of the 

♦This prominent elevation, so conspicuous from points far to the 
Dorth, east, south and some westerly directions, and which terminates 
a spur of the divide between Medicine Lodge river and Mule creek, 
separating branches of North Elk creek from Gant's caiion and 
Walker's draw, has no other name than *' the Black hill," a designa- 
tion also applied to the hill at Hell's Half Acre, to the hill south of 
Avilla, etc. But in conversation the writer has found the hill easily 
recognized by people of the surrounding region when referred to under 
the name of the former nearest resident, a Mr. Stokes, who lived near 
the eastern foot of it for several years. The name Stokes full is there- 
fore proposed for it. It is in the southeastern corner of Kiowa county, 
barely north of the Comanche county line, and alx)ut half a mile west 
of the Barber county line. The natural coral is near the northeastern 
base of it. 
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Trinity saiulston**, as if the writiT were the original and only 
advocate of such a view: and in the artiele in the September 
number of the same journal he seems to have ditiiculty ( pag^e 
220) in understanding how the writer eould have made such 
an error as to think of the Cheyenne as being related to the 
Trinity sands, or the Kiowa shales as being related to the 
Frederieksburg. Here Prof. Hill fails to give himself due 
credit. 

In Hulletin No. \) of the Washhurn College Laboratory of 
Natural History (published in February, 1889), the writer 
gave a j)relinnnarv description of the Helvidere section, 
including as part of the same the Beividere beds, which he 
there inilicated wen* related to the Comanche series, without 
attempting to correlate them more precisely. On page 115 of 
volume 2 of the 1888 Report of the Arkansas Geological Survey, 
Prof. Hill referred to that section and alluded to No. 5 of it 
as representing the Fredericksburg division ; and it was there 
that he was the first to announce that No. 6 (the Cheyenne 
sandstone) of that section probably represented the Trinity 
beds. 

In later articles the writer followed Prof. Hill in this 
opinion that the Cheyenne should he referred to the Trinity 
beds, a view that neither the latter nor the former ever pub- 
lidv retracted until after the study of the flora of the 
Chevenne saiidston** bv Mr. Knowlton.* But for two or 
three years jjast the writer had considered this view as 
increasingly doubtful and had been inclined to correlate the 

Chevenne sandstone with the Paliixv, the terrane immediately 

• • • 

underlying the Fredericksburg. 

It m^i'd not be a matter of surprise if the Paluxy sands 
should vet yield dicotyledonous remains, since the existence 
of dicotyledons in Paluxv time cannot be doubted. Prof. 
Fontaine has described a consid<'rable dicotyledonous flora 
which flourished on the Atlantic seaboard in an epoch that 
seems to have })een later than earliest Potomac, or than the 
related i^arlv Glen Rose, and which may have been nearly syn- 
chronous with the Paluxv. 

♦In 181)1 a^ain, in diacusBing the sanda which he placed below the 
Glen Ro8(» and called the Trinity sanda. Prof. Hill wrote, *' In southern 
Kanaaa the Cheyenne sandstones have !)een properly ascribed to this 
afc^e by CraKin." (Bui. Geol. Soc. Am., vol. 2, page 506.) 
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Not the discovery of a dicotyledonous fioni in the Chey- 
enne siindstone, but the discovery that this flora, so far as at 
present known, is of Dakota affinities, indicates that the Chey- 
enne sediments probably belong to an epoch later than the 

Paluxv. 

But when the Paluxy flora shall become well known, if it 
prove that it contains no dicotyledons, it must be borne in 
mind that the absence of the latter may be due to differences 
of physico-geographic conditions. While early Cretaceous 
climates were doubtless milder and more uniform than those 
of recent times, there must have been a r/fY/zTr of such climatal 
differentiation as now obtains. The liclvitUre .v<'</, as we may 
call that portion of the older Cretaceous ocean north of the 
Ouachita mountain-system, was more or less cut ofl' from the 
great Texi-Cordilleran ocean that stretched from the southern 
shore of Ouachita land across Texas, Mexico and a large ])art 
of the Cordilleran region of South America. It was, there- 
fore, perhaps not traversed b\^ warm currents from that ocean. 
And while, in Cheyenne times, tiie warm temperate flora of the 
coming Dakota had already assumed its main features under 
the developmental influences of the moderate winter and sum- 
mer seasons that had long prevailed on the great Xebiaakau 
continent of northern Kansas, Nebraska, (*tc., that flora may 
have been effectively cut off by the Belvidere sea from the 
flora of Ouachita land, and Ouachita land itself, under the 
climatic influences of warm currents from the tropical region 
of the Texi-Cordilleran ocean, may have been occupied by a 
strictly tropical flora that included no dicotyledons. 

Differences of physico-geographic* conditions would, on 
general grounds, appear less probable than differences of time 
as the cause of the absence of remains of dicotyledons from 
the Paluxy sands and their presence in the Cheyenne; ])ut it 
should be noted that a physico-geographic explanation is at 
least possible. It seems on the whole, however, probable that 
dicotyledons will yet be found in the Paluxy; and if they be, 
they will no doubt indicate whether the Cheyenne is approxi- 
mately synchronous with or later than the Paluxy, the 
chances being that they will show it to be later, and belonging 
therefore to a division not earlier than the Fredericksburg. 
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From its position, immediately underlying the Champion 
bed, H terrane charged with an essentially Fredericksburg 
fauna, it seems, on the other hand, impossible to assign the 
(■heyenne sandstone to a period later than the Fredericksburg. 

THE CORRAL SAXDSTONE. 

The Corral sandstone is so named from having a consider- 
able portion of its thickness exposed in the walls of the 
" Natural corral." The latter is a short box canon on the 
Lanphier claim in the southeastern corner of Kiowa county, 
and has been known under this name by the settlers of this 
and adjoining counties for man}' years. It is about thirty 
feet deep and not only has vertical lateral walls but is also 
abruptly closed by an equally precipitous head-wall. It has 
at various times been used as an enclosure for holding stock: 
and at the time of the writer's most recent visit to it (in 
August last) the posts of a fence that had closed the lower 
end of it were still standing. 

The thickness of the Corral sandstone is ordinarily thirty 
to fifty feet. The lower portion of it is white, but the upper 
is often l)eautifully variegated with various bright reds 
mingled with yellow, purple and brown, as at and near the 
Hell's Half Acre and on the heads of certain south branches 
of South Klk creek. 

The 'M'himney rock" and the row of six small pillars 
which the writer has called (for lack of any other name) the 
Cheifennc Brothers^ a short distance down the ravine from 
Hell's Half Acre, have been carved out of the l^>wer part of 
this sandstone by erosion. The main part of the once much 
more prominent Osage rock (formerly called by some the 
Cheyenne rock), which marks the Cheyenne-Osage battle of 
the latter part of the sixties, is of this sandstone. 

The summit of the Corral sandstone is frequently somewhat 
more indurated than the rest and tends to form a platform at 
the base of the softer Lanj)hier exposures. 

THE ELK CREEK BEDS. 

The portion of the Cheyenne sandstone situated above the 
Corral zone may be named the i^//- Oreeh- beih, from Elk creek, 
on the heads of which it is finel}^ displayed. These beds are 
for the most [)art slialy as well as arenaceous and very varia- 
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ble. They comprise the sediments from which Prof. Hill has 

recently reported remains of dicotyledonous leaves, referred 

by Mr. Knowlton to the following Dakota types : 

Rhus nddeni Lesquereux. Sassafras sp. nov. 

Sterculia snowii Lx. Glyptostrobus gracillhnus Lx. 

ScLssafras mudgei Lx. Sequoia sp. 
Sassafras cretaceum Newberry. 

They are separable into two fairly distinct and constant 
horizons, the Lanphier beds and the Stokes sandstone. 

THE LANPHIER BEDS, 

These beds, frequently observed but not treated of hitherto 
by the writer, have recently been described by Prof. Hill, be- 
ing No. 2 of his Black Hills and Blue Cut sections. They are 
named from a draw that runs through the Lanphier claim and 
that may be called the Lanphier drau\ The latter rises in a 
basin-like hollow at the foot of Stokes hill, but a short dis- 
tance south of the Natural corral. Around this hollow the 
Lanphier beds are well exposed. They are still well developed 
where they disappear beneath the South Elk-Havard divide, 
and in the vicinity of the Blue cut, and again on many of the 
branches of the upper part of Big Mule creek. 

They comprise some ten or fifteen feet of incoherent, more 
or less shaly sands, sometimes passing into shales, often heav- 
ily charged with carbonaceous matter, pyrites of iron and 
selenite crystals, and including numerous fragments of lignite. 
They are linely exposed at the head of one of the south-side 
branches of South Elk creek, near the Barber-Comanche 
county line; and here and on some of the branches of Big 
Mule creek, especially Indian creek among the latter, they are 
charged with peculiar lumps of half lignitized and half pyrit- 
ized wood, which may conveniently be called ca r hop t/ rite, and 
fantastic concretions of iron-sandstone and limonite, in which 
the limonite is pseudomorphic after pyrite. These are of end- 
less shapes. Some look like jug-handles or tubercular crook- 
neck squashes. Some that attain a diameter of several inches 
are spheroidal and other shaped aggregations of cubical and 
modified crystals of limonite after pyrite. 

THE STOKES SAXDSToyE. 
The Lanphier beds pass gradually upward into the simi- 
larly leaf-bearing Stokes sandistone, a f<»w feet in thickness 
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(No. 3 <»f Pn.r. Hill- Blark Hills siH-tion). This consists of 
nion* crmstantlv arenaceous and consolidated sediments. It is 
named fr^>m one of the l<M.*alities of its outcrop, the head t>f 
what may he<'alled Stokrs tfnnr, which proceeds from the foot 
of Stokt's Hill near and south of Lanphier draw. At one of 
the most inten»siin^ of the Chevenne sandstone localities on 
South Elk creek, where also the Lanphier heds present one of 
their most remarkahle phas(»s, the sandstone of the Stokes ho- 
rizon, like that of part of the Corral horizon at the same lo- 
cality, is brilliantly colored, scarlet and other siiades of red. 

THK CHAMPKfX SHELL BED. 

(,'apping the (*heyenn<» sandstone at Belyidere, its iipi>er 
surface constituting a somewhat uneyen floor beneath the 
Wafer-shale, by whf>se ready recession it is sometimes de- 
nuded, forming lr)cal platf«»rms at the foot of the latter's out- 
crop, is a thin stratum of gray shell-conglomerate in which 
the preyailing fos«;il is the little driiphu a hilH of the north 
Texas Fredericksburg. This is the C/tampiott sheil-bftl. so 
named from the fact that it has novyhere yielded so great a 
variety of fossils as along tin* branches of what may be called 
the f'h'iniiHon (Irnir. Tin* latter is a hitherto unnamed arroyo 
of the Medicine L(Klge riyer. that crosses the A. T. k S. F. 
railway at Belyidere a few rods west of the depot and a short 
distance below a house built and formerly occupied by Mr. H. 
B. (Iianipion, to whom the writer is indebted for accommoda- 
tion on some of his earlier excursions to this interesting dis- 
trict. 

In the Belyidere district proper the Champion shell-bed is 
remarkably persistent, though commonly less than a foot and 
ran-ly more than a foot and a half in thickness. Sometimes 
the bed consists almost wholly of shells cemented into rock by 
mean*^ of arenaceous limestone and calcite. again of a matrix 
of san<l and clay mingled in yarying proportion, containing 
few or many fossils and more or less impregnated with iron- 
oxide and carbonate and suli)hate of lime. 

(ienerally the fossils f)f the Champion shell-bed are fairly 
well prescryc<l, but where the impregnation with iron and 
gypsum is exccssiye they iire sometimes so decomposed as to 
be scarcely recognizable. In some localities the Gnjphiva hiJli 
is the only fossil found; but generally it is associated with a 
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considerable number of invertebrate forms, chiefly molluecan, 
the fauna of the Champion shell-bed being remarkably large 
for a stratum so limited in vertical and geographic extent. 
Thus far the Champion shell-bed has not yielded the remains 
of any Vertebrata, l)Ut the forms of Invertebrata known from 
it already number thirty-six, or more than half of the entire 
number known from the lower Cretaceous sediments of Kan- 
sas south of the Arkansas river. 

FAUNA OF THE CHAMPION SHELL-BED. 

**Astroe<Puia nidiformis Craj^in. *AHtart(' pi hen sis Hill. 



* Holectypus plauaUts Rocuier. 

"^Seveis incognita Craiu:. 
**Serpuia champion i Crag. 

"fOsirea suborata Shum. 

*Osirea roanofcensis C\"a^. 

*(iry2}h(va hilli Crap. 

fExogyva iexanii Roem. 

"^Anomitt sp. 

^ PUcatnla inconyrna/ Conrad. 

*Lima semiheris Crap. 

tro/o occidental is Con. 

fAvicula beli'iderensis Craj;. 

"^Modiola concentrice-costellfda ? 
Roem. 

* Pinna comanchcana Crap. 

fCncidliea recedens Crag. 
**Limopsis snbimbric(da Craj;. 

"^Trigonia enioryi Con. 

"^Reniondia ferrissi Crag- 

fCardita beli'iderensis Craj^. 



fCardium kansasensis Meek. 
**Cardiiinf bisolaris Crag. 
fTajM's belviderensis Crag. 
fCyprimeria texan(t Roem., var. 

kiowana Crag. 
fPholadomya sancti-s<dKV Roem. 
*Honioniya alta Roem. 
'^Margarita maraniana Crag. 

( wndgei? Mk.) 
**Margarita neirlpcrryi Crag. 
* Tnrritella seriatim gran niata 

Roem., var. marnochi White. 
*'f Tnrritella (Lithotrochns) cf. 

hnmboldti Von B. 
"^Tylostonia tnmida Shum. 
t A'cT t ica ? cossa tote n s is Hill. 
fAnchnra kion'ana Crag. 
f Sell liH'vbachia pern via n(t Von B. 
i'Sphenodiscns lp4'lriderensis 

Crag.* 



Of these iM'y r(»rms, the 22 marked with the dagger are, and 
the 14 marked with single* or double asterisk are not at pres- 
ent known to extend from the Champion shell-bed up into the 
Kiowa shales. The number common to the Champion and the 
Kifivva is, however, likelv to be increased bv further explora- 
tions more than the number not thus common. Of the forms 
that are not known to range higher than the Champion, the 
six marked with the double asterisk are not known outside of 
the Belvidere district, being strictly peculiar to the Champion 
shell-l)ed so far as yi^X learned. The eight marked with a 

♦Called Ammonites l^elrideni in 1890. (Bui. W. C. L. N. II., No. 11.) 
Small examples illiistratod in figures 8, 4 and .'> of plate I in volume xiv 
of the American (iEoloimst. 
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single asterisk have not hitherto been seen in the Belvidere 
district except in the Champion shell-bed; they occur in the 
North Texas region as follows : 

Ilolectypus planatus was recorded from the Kiowa shales in 
prefatory remarks of the writer's article on ** Vertebra ta from 
the Neocomian of Kansas."* It is a Fredericksburg fossil, 
being barely known from the Bosque division also, and occur- 
ring rarely in the Washita and Denison divisions, the com- 
mon Ilolectypus of the latter being //. castUloi Cotteau.f 

Ostrea roanokensis is most common in the Denison division, 
but occurs also in the Fredericksburg division (in the Coman- 
che Peak limestone) of Tarrant county, Texas. 

Typical Gryphwa hilli is an abundant characteristic fossil 
in the Comanche Peak limestone and in the Walnut beds of 
Tarrant and Williamson counties, Texas. 

Lima semilo'vis was described from specimens obtained in 
the Denton marls. Soon after it was published, the writer col- 
lected it in the Comanche Peak limestone also. 

Pinna comancheana^ in the typical area, is usually if not al- 
ways a Fredericksburg fossil. It is common in the lower part 
of the Comanche Peak limestone of Williamson and Tarrant 
counties, Texas. In the Tucumeari district of New Mexico it 
occurs with Cardita b('Jvideren,sis\n a terrane that probably be- 
longs to the Kiowa shales. 

Astarte pikensis is a species of the Bosque division. 

Jlotnomya alta is listed as a fossil of the Glen Rose beds by 
Prof. Hill in his paper on "Outlying Areas of the Comanche 
Series, etc." 

Of the horizon of Turritella 7/n/r//o(7// in Texas, Dr. AVhite 
gives no record more precise than '^Cretaceous.'' 

Of the 22 forms common to the ( Jhampion shell-beds and 
the Kiowa shales, 7 are not known south of the Ouachita 
Paleozoic area, 1 is unknown as to species, and 14 occur in 
the North Texas region as follows : 

Belonging to the Bosque division : X at lea coasatotensts. 

♦This article was first published in a separate edition without plates, 
May 12, 1894. and was republished in volume ."> of Colorado Colle^ 
Studies, with the plates, April 5, 1895. 

tThe writer having recently examine<l a large collection of south- 
western specimens of Holectypus submitted to him by his friend, Mr. 
Robert W. Goodell, does not now consider //. char'ttoui specifically 
distinct from H. castilloi. 
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Common in the upper (Natica pedernalis, Cyprina texnna 
and C. roemeri) bede of the Bosque and in (especially the lower 
and middle parts of) the Fredericksburg: Exogyra texaua* 

Known only in the Fredericksburg : Nereis incognita^\ Vola 
occidentalin^ Tylostoma tumida and the typical variety of 
Spkenodfscus belviderensis. 

Not recorded from the North Texas area : Plica tula incon- 
grua.\ 

Almost exclusively a Fredericksburg form, but ranging up 
into the basal (Duck Creek) part of the Washita: Scbloen- 
bachia peruviana. 

Common to the Bosque?, Fredericksburg and Washita: 
Modiola stonewallensis {=concentrice-costellata?). 

Common to the Bosque?, Fredericksburg, Washita and Den- 
ison : Ostrea subovata. 

Common to the Fredericksburg and Washita?: l^rigonia 
emoryi. 

Probably common to the Fredericksburg, Washita and I)en- 
ison : Cucullwa recedens^ Cyprimeria texana, var. kiowann and 
Pholadomya aancti-saba^. 

The fact that Gryphcea hilJi is strictly conlined to the lower 
and middle Fredericksburg, occurring at Weatherford as low 
as certain sandy marls which there constitute the base of the 
Walnut beds and ranging through these beds a considerable 
distance up into the Comanche Peak limestone proper, indi- 
cates that the Champion shell-bed should be referred to the 
Fredericksburg division and perhaps to a horizon not higher 
than the middle of that division, a conclusion that is quite 
consistent with the other data above given, including the 
mingling which this shell-bed presents of some fossils belong- 
ing to divisions respectively higher and lower than the Fred- 
ericksburg. 

THE KIOWA SHALES. 

The Kiowa shales, or Comanche shales of the Belvidere beds 
above the Champion shell-bed, are black, blue and gray argil- 



*See also remarks on this species under Kiowa shales. 

tThe writer has collected this fossil in the Walnut bed at Gabriel 
Mills, Williamson county, Texas. 

JReeorded in Messrs. Dumble and Cummins' Kent section as occur- 
ring in a terrane below the main Fort Worth {Epiasler elegans) zone of 
the '* Washita" division ( the Kent zone). 
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laceous shales with beds of arenaceous shale, sandstone and 
shell-oonglomerate as secondary features. They have a maxi- 
mum thickness of at least 125 feet on the Medicine Lodge 
river in Kiowa countv, and of 150 feet on Blutf creek in Clark 
county. 

They have not been observed by the writer west of the wall 
that separates Little Hasin from Big Basin in the western 
part of Clark county, where occurs a remnant, much reducMnl 
in thickness by erosion and well exposed only in the Little 
Basin side of that wall. In the walls of Big Basin generally, 
the Loup Fork Tertiary rests directly upon the Big Basin 
sandstone, or with only local, well nigh vanished remnants of 
the Belvidere beds between it and the latter. On the lower 
part of Crooked creek, in Meade county, the Kiowa shales are 
lacking, fresh-water Neocene sediments there resting upon a 
somewhat degraded surface of the Kiger. It is possible that 
a remnant of these shales ma}" be found a little west of Big 
Basin, on upper-middle drainage of Big Sandy creek, only the 
head of one western branch of which has been seen by the 
writer. 

They occur at Mount Tucumcari, New Mexico; at Kent and 
many other localities in Texas, including probably the vicin- 
ity of Tascosa in the ^'Panhandle:" in the Choctaw Nation, 
and in Oklahoma: the Okhihoma and Panhandle occurrences 
being small remnants. 

The following list exchides a number of erroneous identifi- 
cations reported in earlii'r writings and some merely manu- 
script names, but includes all of the forms that the writer now 
recognizes as belonging to the 

FAINA OK THK KIOWA SHALES. 

I nrvrfvhrnfn. — 51 Species. 

Emilhmtcr 8p. (Fra^monts: fide (^irdita heiriifrinniia Crag. 

Clark ptT Stanton.) ('(tnliiiin hinsasensf Meek. 

Nereis iiien(/nif<( C^'agin. iUtrdiuin / lumUfei Crag. 

Polyzuan: gen. et Hp. iml. Pnttocardium tej'anmn Con. 

LimjuUi H\). Homlnivitt sectiriforniis Crag. 

Ostrea fntnk/iui Ccxiuand. T(ipes belriderennis Crag. 

Ostrea <jfi(ti{rnjtlicat(( Shumard. ( 'mtrinu'vin te.vaua Roem., var. ki- 

ihtrea subitrattt Shuni. (urmm Crag. 

(rryjtha'd jiitcheri Morton, var. Tell i mi / sp. 

voemeri Mareou. Lepttfsitlen otteteHsitt Crag. 
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frrt/pfava pitcheri var. tucinncarii 
Marcou. 

K.vtxjyra te.vaim Roemer. 

Aiinmia sp. 

PlicatuUi invaiifjrmi ? Couratl. 

PlicatnUi seuesrens Crag. 

Per ten tncoiispicuns '/ Crag. 

To/a i Xeithea) occidentdlis Cod. 

^{ricnl(i helrnteirnsis Cra^. 

AricnUt h'rcirtti Crag. 

Jiioct'rnmus mmfincliednus CVag. 

MiHlhlti ntncentrice-cftsteliaia ? R. 

Llthititliagns sp. nov. (Fide Stan- 
ton.) 

<'nrnfi(('(f rvcedens Crag. 

Snvnla vatheriim Crag. 

Lv'hi sp. (Fido Stanton.) 

YnUlhi inicnnlnnta Mock. 

Tritjonnt ennn'iji (*on. 

HcninmUn fem'ssi Crag. 



PhoUulomya sancti-salMJC Roem. 
Mnctra antiqua Crag. 
Covhnht crasHi'costata Crag. 
Dental in ni sp. 
Margarita marvonana Cragiu. 

(mud(jeana ? Mk.) 
Traehns te.ranns Roem. 
Neritoma marvonana Crag. 
Turritella seriatimgran ulata 

Roem., var. h-ansasensis Meek. 
TnrriteUa ( Mesalia) centriroluta 

Crag. 
Vanikoro jn'opinqna Crag. 
TyloHtoma tnmida Shuni. 
Natica ? cossatotenHia Hill. 
Anchura kiinrana Crag. 
Petersia inedictnensis Crag. 
Schliwnhavhia pern r tana Von B. 
Sjthenodisrns he!rifh*rensis Crag. 



l^erteltrato. — IH Sj)ecies. 

Lamna sp. (Like L. (tveidentalis 

Tjeidv: fide Williston.) 
Lain n a / (piiiiqnetateraiis Crag. 
H(/lM)<his elarkensis Crag. 
C(i't(Klns bron'nii Cope. 
Mt'Hodon / atn'asns Crag. 
Cn(nnpf(tsns arrfatns CV)pe. 
I'raiioptosns fteetitfens Cope. 



Teleost. (Verte))ra like that of 
Porthens: fide Williston.) 

l*iesiosanrns nmtigei Crag. 

Ciinnlianaurns sp. nov. (Fide Wil- 
listxm.) 

Plesi(H'heiiff< helriderensis Crag. 

Turtle, size of Protftstega. (Fide 
Willi.stou.) 

Hfiposanrns /sp. (Fido Williston.) 

The Invertebrata (fonimon to the Kiowa shales and to tlie 
Comanche of that portion of Texas and Arkansas in which 
the divisions proposed for this S(M*ies jiave been worked out 
and are espeeially applicable may. as to their occnrrenct* in 
that tvpical tract, be analyzed as follows: 

• I. a- 

The genus Enaflnsfer is most abundant in the Fr<»d(»ricks- 
burg division, but is not very uncommon in the Choetaw and 
irfayson terranes of the Denison. 

(htrea frtufklini, in the Texas- Arkansas region, chiefly 
abounds in the Hos(|ue division, but ranges at least as higli as 
the Choctaw limestone. Having given a great <leai of study 
to thi,s species asit j)n»s(>nts itself in Texas and Kansas, and 
having recently reexamined the (juestion of the identity of the 
Uttlo conglomerate-building Osfrea so common in the Blue Cut 
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and Tucumcari zone@ of the Kiowa shales, giving particular 
attention to the characters of beaks, cartilage-pit and adduc- 
tor scar, the writer is compelled to differ from Mr. Stanton 
when he says that *'this [the Kiowa shales] species is proba- 
bly a new form," finding no constant nor nearly constant dif- 
ferences from Ostrea franklin i, 

Ostrea qnadruplicata, which has been found in the upper 
part of the Kiowa shales of Clark county and in the Mentor 
beds of Saline and Ellsworth* counties, Kansas, has not been 
reported lower than the upper part of the Washita within the 
typical area here considered. It has been recorded as occur- 
ring in a limestone (the Kent bed) a few feet above one con- 
taining (Jrtfphfha fncuntcarii and Schloenhachia leonensi,^ and 
underlying the zone of K pi aster elegans and llolasfer simple a 
(Fort Worth zone) in the eastern part of El Paso county, 
Texas, by Messrs. Dumble and Cummins in their interesting 
Kent section, published in the Amkricax GEOLo<iisT of Novem- 
ber, 1893. 

Ostrea subovata occurs in most of the terranes of the Fred- 
ericksburg, Washita, and Denison divisions, being found at 
least as low as the summit of the Bos(|ue and as high as the 
Choctaw limestone. 

Grypha'a rovnieri is abundant in the Kiamitia and ranges 
up into the Duck Creek. 

Gryphan tucumcarii is recorded b}^ Prof. Hill as occurring 
on the **plains of the Kiamitia," but the horizon of its oc- 
currence there is not given. By Messrs. Dumble and Cum- 
mins it is recorded as occurring below the Kent bed (r/V/e 
ut infra ) at Kent, Texas, associated with Schloenbachia pe- 
ruviana and iS'. letniensis^ a little above tiie lowest occurrence 
of the latter. 

Kxo(jyra (ejana, in the typical area, is chiefly a Fredericks- 
burg form. It is also common there in the upper Glen Kose 
beds of the Bosque division, but it does not occur in the 
Washita division within that area so Far as known. Nor has 



♦For hisknovvlodf^o of the occurrence of this fossil in Ellsworth county 
the writer is indebted to si>eciuien8 in the museum of the State Univer- 
sity of Kansas, collected by the late Jud^e E. P. W^st. These specimens 
were labeled as having come from the base of the Dakota on Alum creek: 
but as the Mentor terrane was then 8upi)08ed to constitute the base of 
the Dakota, there can be scarcely a doubt as to the specimens having 
l)een found in the xMentor beds. 
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it been recorded from rocks of that division anywhere save 
( V below the zone of Epiaster elegans) in a single remote 
southwestern locality, the western part of El Paso county, 
Texas. 

Plicatala incougrun has no record in the typical area. It 
has been recorded by Messrs. Dumble and Cummins at Kent 
from an Osfrea quadruplicafa zone (the Kent bed) below the 
horizon of Tlolaster sihtplejr and JUpiasfer elegans and above 
the Gryphwa tncumcftrii limestone. 

Pecten ineonspicutts, Mr. Stanton records from the Kiowa 
shales a Pecten which he sajj^s is '*a small smooth form like 
one that occurs in the Paw Paw beds of Denison.'' This is 
probably Pecten fnconspicm/s, the only known species that an- 
swers to Mr. Stanton's description of the Kiowa form. After 
the description of this species was published the writer ob- 
tained a number of specimens indicating that this Pecten, 
though always very small, attains dimensions considerably 
larger than those that were given for it. The largest of these 
specimens has a hight of over thirteen millimeters. The ears 
are of moderately large and subequal size, though quite dilfer- 
ont in shape, and are both ornamented with numerous, sub- 
equal, sharply- raised lines on the border by which they spring 
from the body of the valve. 

l^offi occiden tab's is the common Vol a of the Federicksburg. 
The name VoJa frfderfckstinrgensis was proposed for this spe- 
cies inadvertently and is here withdrawn. The species was 
correctly referred to (tccidentalis and to the subgenus Xeithea 
in the writer's earlier papers. 

Avicula fereretti is mentioned by Prof. Hill as if it did not 
occur below the Kiamitia. In the writer's original account 
of this species it was recorded from the Kiamitia and from 
the Exogyra texana bed, or basal Fredericksburg. It is not 
known to occur above the Kiamitia and is one of the forms 
that shows relationship of the Kiamitia to the Fredericksburg. 

Fnoceramns comancheanus is a fossil of the Duck Creek 
limestone, the basal member of the Washita. 

Modiofa concentrice-costellata? The shell here indicated is 
the writer's M. stonewaliensis. It is common to the Fredericks- 
burg and Washita. It has not been recorded from the Deni- 
son division, but occurs in the highest, or Denton, terrane of 
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the Washita. Some of the rockft in which it occurs in north- 
western Texas shouhl possibly be referred to the upper por- 
tion of the Bos(|ue division. The description and illustrations 
of the little round ribbed shell called Moih'ohi voncvntrict- 
rostvllafn in Koemer's K rt'ldvlifhlumjvn is, on strati^j^raphic 
grounds, suspected to have been baseil on small and poorly 
preserved specimens of this species. Hut only the fact that 
the types of Dr. Roemer's species came apparenth' from 
within the stratigraphic range of .1/. st<nietrn1lensft< would 
ever lead one to suspect this, so widely tlifferent is the char- 
acter of the ribs, as illustrat<'d, from the concentric ornament- 
ation of Mfnliohf sfo/fvirftffcttsis. 

CftrtffffKf rercih'na is common to the Fredericksburg and 
Denison divisions. The writer has collected it in the Walnut 
and Comanche Peak terranes of the former and in the Choctaw 
terrane of the latter. 

Xttctiia cat In r inn is reported by Prof. Hill as having been 
** identified in the Washita division of the North Texas region.-' 
It would be interesting to know what terrane and locality of 
that division yield it, as it is a fossil common in both the 
Kiowa shales and the Mentor beds, if the terrane that vields 
it in the North Texas region be tin* Kiamitia, which Prof. 
Hill calls a Washita and Mr. Tatf calls a Fredericksburg 
terrane, its " Washita" occurrence means simply occurrence 
in a group of sediments intermediate between Fredericksburg 
and Washita, the Kiowa group, which is about ecjually related 
to the Fredericksburg and to the Washita ; but if it be one of 
tile Denison division, it occurs above the true Washita. 

YttUh'a hiirriKloutif \\\ northern Texas, is a Denison division 
fossil, being connnon in the Pawpaw beds. In central Kansas, 
it is a fossil of the Mentor beds. 

Tritjonia ruHfri/i, unlike the Denton marl species, 7'. rfari- 
(jera, is probably common to the Fredericksburg and Washita, 
and not improbabh' to the Denison also. It was observed b\' 
the writer in limestone of the Walnut /one of the Fredericks- 
burg in 1890 when, in company with Prof. Hill, he was leav- 
ing Weatherford enroute for Granburv. The species is 
(*xtremelv common in some localities in the Walnut clavs of 
the Fredericksburg. TwxMity-live well preserved specimens of 
it from these clays are before the writer, which were his share 
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of a collection made by Prof. O. (\ Charlton and himself in 
passing a single hill-slope when approaching Walnut Springs 
from Iredell. These specimens are of the typical phase shown 
in Conrad's original illustration, having the ribs ornamented 
with low, narrowly comi)ressed tubercles or cross-folds. This 
type of ornamentation is quite different from that displayed 
by the T. rfnrigern. In the latter, which occurs abundantly 
and beautifully preserved in the Denton marls of Cooke 
county, Texas, and the Choctaw Nation, the ribs bear short, 
erect, triangularly-stalked, clavate, or tubercular-ended 
spines. No one having well-preserved Trigonias from these 
two terranes before him, could confuse them. There occur, 
however, in the Mentor beds of Saline county, Kansas, 
numerous molds of a Trifionia that the writer has elsewhere 
referred to T. cffiritfera, but which are more or less interme- 
diate, so that it is not improbable that 7\ rhu-ujera will prove 
to be a variety, though, as typically developed in the Denton 
marls, it would at least be a very strongly marked variety of 
7\ emortfi. The record of 7'. rfaritfrrff for the Kiowa shales 
is here withdrawn, as the specimens on which it was given 
were poorly preserved and the specific determination was 
based largely on strati graphic considerations. 

(.'(trtlitthi k-fntstiscuse, which Prof. Hill calls a Dakota 
species, stating (loc. cit., page 22:0 that Mr. Stanton fails 
to find it in the Hill collection from the Kiowa shales, is one 
of the commonest fossils in the shell-limestone of the Blue 
Cut shales and occurs also in the Champion shell-bed, but in 
the latter has been found only in Champion draw and in 
moderate number. It does not occur in the Dakota, but is an 
abundant element of the fauna of the Mentor beds, from 
which came Mr. Meek's types of the species. Poorly pre- 
served specimens, showing the same misleading aspect of the 
ornamentation as is shown in the imperfect types figured by 
Mr. Meek, are not uncommon. 

The Kiowa shales fossil that the writer calls Pr<ff<n'ar(ltinn 
texanimi, which is probably the same that Mr. Stanton has 
identified from these shales as uniltisfrhifinn^ is in reality 
somewhat intermc^diate in character between these two 
species. It ditfers widely from equal-sized specimens of 
P. iiut/fistt'i(tfnm from the Sierra Klanca mountains of El 
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;^s.. vuuiw Texae, and from larger specimens of the same 

»v':ii ihv iomanche Peak limestone of central Texas. The 

l\\»^ s|.»eoimenj* have the concentric raised lines and strise 

v-n»wiltH.l 4»ver the entire hight i»f the valves, while the concen- 

irio striae on the lower |>art of the valve* of the Kiowa shells 

are separated hv ribs i»f considerable breadth. 

R*ntiUiiria it^rvrifurmijf (formerly called Trigumin ttcttri- 
r'ortm'jt). of which HoHtlairht *juat/ntMf is a smonvm, is a 
sj>ecies of the Comanche Peak limestone. 

The shell that the writer describes elsewhere as i'^fprimeria 
tfjramK var. kioframt, is probably not different from the form 
so abundantly represented by casts in the i*omanche Peak 
limestone, agreeing with thei^e and differing from the 
casts of the typical ('^priMt-rta trxti$iii (which occur in a 
horizon between the Exuijyra texnntt hed of the Fredericks- 
burg and the principal Kx«njktra fexuMO bed of the Bosque) in 
size and apparently, though perha|>s not constantly, in con- 
vexity. It is probable that most of the specimens of Ctfpri- 
meria from the up|)er divisions of the (^'omanche also belong 
to the variety, kiotrami. 

P/iohnlotHtfa xaitrtt'.itnha ranges from the Fredericksburg to 
the Denison division. It is the small form, like that of the 
Kiamitia clay <»f Indian Territory, rather than the large, 
coarselv (»rnamenteil one of the Denison beds, that occurs in 
the Kiowa shales. 

The Ciji'hittn t-raxitirosfafa of the Kiowa shales is probably 
the same C'jrbuhi that is common in the I>enison division, as 
the writer noted under the original description of the species. 
It is one of the most abundant of the fossils of the Pawpaw 
beds. 

Trtff'hu^t ttxfitiHjt in Texas is known onlv from the Barton 
Creek limestone of the Fredericksburg division. 

The originally described variety of Ttirrittlla *eria(iu%-graH' 
ulufii is a small phase that presents one extreme of size in 
this si>ecies and is characteristic of the upper Glen Rose beds 
at Fredericksburg. The commonest and. as to size, the cen- 
tral variety of the s|>eines. var. ktiHjtajttustft, found so pro- 
fusely and in so excellent preservation in the Kiowa shales 
(esi>e<'ially in the lower pari of the Blue Cut zone and in the 
Mentor IkhIs) is the same that oc<urs in the Comanche Peak 
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limestone and in the Washita and Denison divisions in Texas 
and Indian Territory. The large and coarsely ornamented 
extreme of the speeies, which is the prevailing phase in the 
Champion bed, does not seem to differ from that which, 
from some unknown horizon of the (probabh' Comanche) 
Cretaceous, Dr. White has described under the name warnochi, 
and which is also approached by some of the largest specimens 
from the Pawpaw beds. 

Mesoh'a renfrirolnfu has been found in northern Texas, but 
only in ^'drift.^' 

Tiilostoma tunu'da is one of the characteristic and profusely 
abundant fossils of the Comanche Peak limestone. 

Xfitira? c<tssfift)t('iiin's has hitherto been reported only from 
the Bosque division. 

Schloenhdchui itvrtirhma bears a somewhat closer relation 
to the Fredericksburg division than S. h'oneiisis does to the 
Washita. It is comm<m in the Walnut and Comanche Peak 
t-erranes of the Fredericksburg and ranges uj) through the Kia- 
mitia into the Duck Creek. *s\ le(nH'iisiH. on the contrary, 
rarely if ever descends into the Kiamitia in the North Texas 
region, the common Srhfoenh(fchi(f of the Kiamitia there being 
the Fredericksburg spe<!ies, S. iK'nirimui. 

The specimens of .s7>//''//of//*.v<w/.v Inlritlvrcnsis from the Kiowa 
shales do not seem to differ materially in sutural pattern from 
specimens of that species irom th(» Comanche Peak limestone 
of Texas. 

THE FlI.LlSaroS SHALES. 

The FtfUittfjffuf .v/////f'.v, uaniiHl after the great Fullington 
ranch at Belvidere, on which they have most extensive out- 
crops, include the lower and major part of the Kiowa shales. 
They are not sharply separated from the overlying Tucumcari 
shales either lithologieally or |)aleontologically. They include 
that portion of the Kiowa shales in which the (irt^pfHr tt is 
Marcou's G. ritennri. 

At Belvidere they are separable into two principal subdi- 
visions, the lower of which is 

THE BLACK HILL SHALE. 

This terrane wa^i named and briefly characterized bv the 
writer in 1885, in his ''Notes on the Ceology of Southern Kan- 
sas." The name was derived from the Black hill adjoining 
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Hell's Hair Acre on Fllk cn'ek in Comanche county. The ter- 
rane consists of a hed of black carbonaceous clay-shale fifteen 
or twenty feet thick, resting upon the Champion shell-bed and 
characterized by a peculiar metiiod of disintegration, breaking 
down under the weather into snudl, Hat and thin, sharp-edged 
spalls resembling wjifers, a peculiarity that has suggested for 
this shale the name of Wufcr shale. 

Th<' Black Hill shale is for th<' most part barren of well- 
jireserveil fossils. Jn j)laces it has in its upper part a bed of 
ill-shapen Unjphaa, some of tin* examj^les of which evidently 
are deformed (i, rtnnirri\ while some others possibly should be 
<*onsidered as representing fi. In'lh\ together with (htr*'a snh- 
itrata and Hj-nfitji'ti tc.i'ana. Klsewhere its upper portion yields 
crushed or entire shells and casts of Mof/iuia mnrvulrirt -ms- 
feUatnf (V. sftunii'alh'itsis)^ 7'aprs Itt'/riffrrcitsis, reptilian 
hoiivii (J^h'siorfic/t/s lul ritlt'i'viit^ts) aiul other fossils, most of 
wiiich are abuiulant and often finely preserved in the some- 
what higher zone that is transitional from the Wiifer-shale to 
the upper subdivision of tlu' Fullington shales, viz.: 

rUE BLUE err SHALES. 
These are named from **the Blue cut/' a deej) railway-cut a 
few miles s(>uth-southwest of Belvidere, the same from which 
the writer's Blue Cut section was named. Th(* Blue cut. how- 
ever, in the first instance, owes to the color of these shale> the 
nan:e by which it is known to the railway employees and in- 
habitants of the Belvidere district. TlH*y consist of alt<M*na- 
tions of blue-back and gray argillaceous shales with minor 
beds of sandy shale, ferruginous ^andstone and shell limestone. 
In the latl(»r the shells dilfer from those cd* the Champion 
shell-}>ed in chara<*ter of preservation and in color, the shells 
of the Champion shell-bed being largely calcite and gray in 
color, while those of the Blue Cut shell-beds (except tin* gray 
to glossy purple-red Ostrddn and the sometimes blackish 
Xcrifi'tia ) nearly all consist of ferruginous yellow limestone. 
The transitional Black Hill-Blue ( "ut horizon, in certain local- 
ities, yields the smaller and generally rarer shells more abun- 
(Umtly than other horizons. In th<* thicker sh(*ll-beds, a little? 
above the base of the terrane, ('iipriinvrla fe.cana var. kifHrnmi 
is conspi<*uous on account of its size as well as its abundance, 
some of the i)eds having their major portion built up of thcvse 
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shells, which are, however, associated witli other speeies,aniong 
which two of the most constantly abundant are Vanh'inn kft/t- 
fta.srti.sf' and Titrrffefla .srrinttm-ijraniihitd var. k'tnisascitsts. 

Tile occurrence of the Duck Creek sliell, I nurcraniuii ro- 
?iianvhefinn.s. in these shah*s is noteworthy. 

All of the vertebrate and nearly all of the invertebrate fos- 
i^ils listed from tlu' Kiowa shales have be«*n found in the Ful- 
lington beds, including the ui)j)er portion of the Hlack Hill, 
^ind all, but especially the low<»r part, of the Blue (.'ut shales. 
The lower part of these shales presents lo<'ally a *'tish-bed'' 
1 lorizon in which occurs A////////r/, associated with numerous 
a^mall shark's teeth and fragments of teeth and s|)in<^s. recalling 
The so-called *'tish-bed" of the lienton in its <'omposition. 

Fossils generally are neither so abundant nor so w(*ll pre- 
a-i5i»rved in the upper, usually lighter-colored portion nf th<* 
i^lue Cut shales as in the lower portion. Hut to this rule we 
s^ee exceptions in (hfrcn frnnhlhn\ (irt/jt/ftnf rtnutvi-} and 
^J.i'o(ji/rn tv.viiiui^ tlu' first of which (K'curs in solid l(•(ige^ with 
< 'ither of the two latter, or other sIh-Hs as intrud(*rs. and the 
s^e<M)nd of which occurs also finely pet rilled in the soft shah- and 
*-*ometimes in such numbers as to constitute lor)se beds, though 
i-areh' rock-ledges like those of iKJ'ronhlhif. Srhhnnhiirhi<i 
^ mrtirimm, (iipriiin'rld h'Hnrmm^ and indeed almost any of 
trhi' fossils that are abundant in lower horizons of th<' IMue 
C *ut shales, occur occasionally, aiul in more w('st<*rly localities 
^-^ven <'ommonly, though rarely w<'ll preserved, in the upper 
liorizons also. 

THE rrcrMi'ARi sualks. 

The shells of the genus (rrtf/>h(ift increase in size as found in 

*^uccessively higher horizons «>f the H(^lvidere b(»ds from the 

*ippearance of the g(»nus in tlie Champion shell-bed to its dis- 

uppearaiK'e just below tlie base of tin* leaf-b(*aring litnhr 

^Dakota?) sandstone which surmounts the Kiowa shales in 

the upper valley of the Medicine lA)dg(» river near the post- 

*>flice at Heedei*. Tln^ largest examples are found in the* upper 

Kiowa shales of the Otter Creek district. Some of these seem 

most nearly related to (ininluvn iutvimri: but others cl«*arlv' 

belong to a. tn('iihirtn'it\ ])articularly to that j)hase of the 

latter that Mr. .Jules Marcou has called ^'. lUhifotn ; while 

others still represent various intermediate forms between the 
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two. T<» the 7.u\\o elianirt4'riz('d in part bv thiis variable G. 
fitcfUHrtirii, tin* name Tttntmrfiri shalex is here given, after 
Mount Tucum«*ari, New Mexico, where the zone of Gritphan 
h/r»t)iirarii Wat? originally dis<*overed by Mr. Jules Mareou. 

Thesi* shalfs are well develo]><'d in the vieinity of Otter 
ereek. on Thompson ereek, and on heads of s**veral smaller 
bram^hes of the Medi<Mne Lo<lge river. 

Thi'V an- ehii'rty elay-shales. and lighter hued. as a whole, 
than tile Blue Cut shales, which graduate injsensibly into 
them. At their summit, thev fre<iuentlv contain band-s and 

• ■ • 

<«oni*n*tions of clay-ironstone, in th<» succession of which, 
premonitory of the imnu'nsc aggregations of concretions 
tiiat constitute certain parts of the Reeder sandstone of 
Kiowa and (lark <'ounties, the Grtiphnu, now in its maximum 
size, is l(»st sight «»f. becoming s<*arc<-r and more pi»orly pre- 
served bcfoH' wh«»lly disappearing. 

An ijrdi'r of h<iriz<ins. inctunplete, but roughly resembling 
that seen in the KIk-Otter tra<*t, is found in the western 
extension oT the Helvidere beds: but the differentiation, 
wliether litiiologieal or paltMiutologieal. is tliere less clearly 
expn-<>ed. To just what extent the various members of the 
F]lk-()tter siM'tion are present, antl wiiere i)resent can be 
recognized, west of the Metlicine Lodge River valley, is still to 
be aseertained. 

The relati<»n of the reei-ntiv de^^cribed Mentor beils to the 
upper part of tlu* Kiowa shales i*i evitiently close, but a pre- 
eis<* understanding of it at present seems difficult owing to 
the apparent absence (jT Oriifthnn from < 'omanche sediments 
north of the Arkansas river. Hut the writer would here state 
that, in the light thus far obtained, it seems to him that the 
pr«-vi<»usly supposed relationship of the Mentor to the Deni- 
son is jjrobably more apparent than real and should be largely 
ascribed to similarity of physieo-geographic conditions. 

The Blue Cut shales, and at least the upp^r part of the 
Blaek Hill shale, should evidently be correlated approximately 
with the Kiamitia. as has been done by Mr. Stanton, the 
Kiamitia being ab<>ut ecpially n»lated to the Fredericksburg 
and the Washita. 

The Tucunu'ari antl the Mentor represent somewhat later 
than Kiamitia sedimentation, but both are probably earlier 
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than the Fort Worth {Kplaster elv(iann) zone of the Wiishita. 
Messrs. Dumble and Cummins' section indicates that the 
Tucumcari zone belonj^s to a position a litth* below that of 
the Ostren qiiatlru plica fa zone which they describe as below 
that of Kpifistev elennnit and which, to distinguisii it from 
the qufKb'ifplicfifa-heiinng horizons afxtrc the Fort Worth 
zone may be called the Kanf bed. This Kent bed occuj)ies a 
position near that of the north Texas Duck Creek, and the 
Mentor terrane is perhaps not far, in horizon, from the Kent. 

The paleontological aspect of the molhisk-bearing beds of 
the Tiicumcari district, as portrayed by Prof. Hill, is such as 
to show that a portion of those beds must be referred to the 
Kiowa shales. Hut too little has yet been published as to the 
stratigraphic range of the fossils of the Tucumcari district to 
warrant the conclusion that all of those beds should be so 
referred. The Tucumcari zone of -the Kiowa is there finely 
developed. 

Turhfitoh'a td'ana^ wiiich Prof. Hill gives as one of the Tu- 
cumcari district fossils ''peculiar to and chara<rteristic of the 
Washita division," may occur in the Washita, but is certainly 
not confined to it. It is, on the contrarv, one of the common 
fossils of the Comanche Peak limestone in the typical North 
Texas region. In the outlying VA Paso and Tucumcari dis- 
tricts it verv likelv occurs in the inter- Frederic'ksburg- Wash- 
ita group of sediments. 

The evidence taken altogether seems to \nm\X to the conclu- 
sion that the Kiowa shales of Kansas, the Kiamitia and I'u- 
cumcari siiales of Indian Territory, the limestones 51) and 5c 
of Messrs. Dumble and Cummins' Kent secti<ui, and a portion 
of the moUusk-bearing beds of the Tucumcari district, repre- 
sent a group of s(Hlimeiits intermediate between the Freder- 
icksburg and the Washita divisions, and one which, as the 
meeting grouiul of the faunas (jf these two divisions, cannot 
satisfactorily (though it may arbitrarily) b(» referred to 
either. 

CI.ASSIKICATION OF COMANCHK TKKUANK>. 

A bri<*f statement of the classitication adopted by the writ(*r 
for the sediments of the Comanche* seri(*s is added in eoiiclu- 
si(m, to indicate the basis of the stratigraphic reH-rences in this 
article. 



3S4 The Ainvn'rim (rcoItii/ij<f. I)i*<>ciiiIht. m«.'> 

Tlu' ('oiiiinirlH- scrips natiirallv n^solvrs itself into trrniiirs 
and horizon^ tli<* i*iiaract«*r and iU'^hm* of whose dittVmitiatinn 
vary with the l<»eality: htit th<' ^roujiingof tliese terranes into 
divisions is arbitrary and only aj>proxiniately expn'sses nat- 
ural relationships. The so-ealled divisions are usually con- 
nected by nior(» or less important intermediate groups oT 
sediments not pr(»perly ret"<»rable to either. Where sueh a rou- 
Tie<'ting group is of considerable thickness and wi(h* geographi<» 
extent, and is itself s<*parable into minor subdivisions, sudi 
a grouj) is probably most naturally disposed of by considering 
it a division. The Kiowa shales, including the Kiamitia and 
the Tucumcari (or, in the lielvidere district of Kansas, the 
Black Hill, the Blue Cut and the Tucumcari) present tlu^se 
conditions and are then*fore consiilere<l as constituting the 
fiiffU'ft th'risitin. 

The Tucumcari terrane is not positively known to o<«<»ur 
south n\' the Oua<'hita mountains, but Prof. Hill's record of the 
occurrence of Griijthmi tfirtmirtirh' near (Woodland, Indian 
T<*rritory, suggests the j)robabili(y that its horizon may he dis- 
tinguishable in the Choctaw Nation. 

The writer believes that the two groups of Shumard, tlie 
Washita linu'stone (including the Duck Creek, Fort Worth 
and Denton terranes) and the Arirfina (for which the geo- 
graphic name Denison is j)referable, and which includes the 
North Denison, Pawj)aw, Choctaw and (irayson) represent 
divisions a< natural as any, and that the sediments of the 
Texas- Arkansas Comanche should be grouped! in divisions as 
follow*^, the oldest unj)rer>ccupied, reascuiably brief*, strati- 
graphi<* names of geographic derivation b(»ing in all cast»s 
given the prefer«'nc(\ 

( (mm ncliv Svrirs. 

DIVISIONS. TKKKANKS. 

Sh«»al Creek «of Ililli. \(»t sulxlivided. 

(Jniyson (<»f Crajrini. 
D«'nis4»M (of llilli. Choetaw (of Craj^inj. 

t Arietina. of Shmiiaid.i Pawpaw (of Hilb. 

.North Denison (of Hill). 

*Stratijxraphic lerais. the ^eo^rapliie part of which consists of more 
than tw<» words, are eonsid<*red inaduiissiible. llenee the term. Trinity 
sandstone, takes precedrnfv ovi>r tbr i»lder one, T-iower Cross Timber 
sand.*<tone. 
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Washita (of Shumard). 



Kiowa (of Cra^in) 



Denton (of Taff). 
Fort Worth (of Hill). 
Duck Creek (of Hill). 

Tuciimcari (of Crajorini. 
Kiamitia (of Hill). 



Barton Creek (of Cragin). ( Caprina and 
Caprotina, of Shiimartl.) 
Fredericksburg? (of Hill). Comanche Peak (of Shuiiiard). 

W'alnut (of Hill). ( Exogyra texana, of 
Shumard.) 

Paluxy (of Tatf). 
Bowiue (of Taff;. Glen Rose (of Hill). 

Trinity (of Hill.) 

The Barf 00 limesfont ineludos the Caprina limestone and 
the Caprotina limestone of Dr. Shumard. It is named from 
Barton creek, on which, near Austin, Texas, it has its linest 
paleontological expression. It is on Barton creek that Mr. 
Creorpje Stolley obtained from this limestone the collection of 
beautiful calcite fossils that constituted the basis of Dr. 
Roemer's tinal contribution to Texas paleontology.* 

The Washita division, as here delined and as used in this 
paper, includes a group nearly e(|uivalent to that which Dr. 
Shumard defined as "the Wushlfa limestone/' differing from it 
only in excluding tlie Tucumcari terrane. Most divisions are 
arbitrary, or only in part natural; and Dr. Shumard's W((sh- 
I'td^ with the slight modification here adopted, is as nafural as 
any of the divisi(nis of tlu* Comanche series hitherto proposed. 

Dr. Shumard's Arietina (for which Prof. Hill's geographic- 
ally derived nanu\ Drnisnn. is properly retained) is of ecjuai 
importance with the Washita, and is quite too well difl'erenti- 
ated and large a group of sediments to be swallowed up ])y the 
name of the latt<M-. If it br needful to sonu'times use a col- 
lective name for the Washita and the Denison, an unprericcu- 
pied nanu^ must be found; and for such use th(»name (waines- 
t'iffe^ from the north T(\\as town of that name, which practi- 
cally marks the boundarv })etween the Washita and the 
Denison. is appro])riate. 

♦Ueber eine durch die Haufigkeit Hippuriten artiger Chainideu aus- 
gezeichnete Fauna der obertiiroiien Kreide von Texas. Ferdinand 
Koenier. In Paleontologi.sehe Abhandhuigen von Dames nnd Kavser, 
vierter Band. Heft 4. Berlin, 1S88. 
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EDITORIAL COMMENT. 



f%^ 



The flKIM-('AI>KLIJM IxriDKXT IX THK IXTKRXATIOX AL (iK<»- 

L<M>H'AL ('(>X<iKESS AT Zl'KICII. 

An answer to u letter addressed bv the undersigned to Prof. 
Cai>ellini contains the following: 

"The first prize, awarded to M. Heini was :i,(Mj() francs. The 
second was awarded to M. A. Karpinski, 1,200 francs. The 
third, 800 fran<*s, was awarded to M. Maillard. Heini had 
had the illustrations and manuscript in lSSl-1882. He had 
returned them with the greatest punctuality." * * [The 
Congress of Bologna was held from Monday, Sept. 2<i, 1S81, to 
Sunday, Oct. 2, 1881. P.F.J * * ** I have his card ac- 
knowledging the receipt of manus<»ript again dat<;d Dec. 16, 
1891. He added *I thank you very much for the trouble you 
have taken to loan it to me.' The manuscript was finally re- 
turned March 11, 1895. Dec. 16, 181)1, to March, 1895, makes 
thret years and three months.'' 

The documents were therefore bom^wed twice, but in the 
statement which I took down as it was made, the fact of the 
first return was accidentally omitted. Although I cannot 
consider myself responsible for the <»rror, I regret having been 
led into it and now publicly correct it. Prof. Heim did not 
borrow and retain the manuscript and illustrations (»f his 
first prize essay before the International Congress of Holognii 
for thirteen years, but only for three years and three montiis. 

I have already acknowledged my error in stating that he 
received (mly 1,200 instead of 2,000 franes, an error which is 
the less excusable because the facts are clearly set fortli on 
page 87 of the Bologna volume. Pkrsikok Fkazkr. 

REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Umli'Hjy itf the (inru Moiinfai)t.H in Mnssiti'hnsftts. By Raphael 
PiMPKLLY, J. E. Wolff, and T. Xki^son I)\lk. iU. S. Geological Sur- 
vey, Monoj^raph xxiii, pp. xiv. 20(3: with 2',i plates and 70 figures in the 
text: Washinjjrttm, 1H[H. IMoe, i?l..'W.) The gneispes, conglomerates, 
and cry Hta nine HohistH of the Gn»en Mountain range are shown to be 
of Cambrian and Ijower Silurian age, ranging from the Olenellus zone 
upward to the Hudson River. In Greylock, the highest mountain of 
Ma8saehiis<»tts, rising {o DJji)^} feet above the sea. thick formations of 
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limestoDe alternate with the schists, the section in descending order bet- 
ing the Greylock schist, the Bellowspipe limestone, the Berkshire schist, 
the Stockhridge limestone, quartzite conglomerate, and the Stamford 
gneiss. The series has an aggregate thickness of 5,000 feet or more. In 
the Hoosac range, a few miles distant on the east, the corresponding 
section has no limestone; and the Greylock series above the conglomer- 
ate is represented there by the Rowe and Hoosac schists. 

Summing up the geologic history of this mountain belt. Prof. Pum- 
pelly writes: "The results of the survey in northwestern Massachusetts 
lead to the supposition that the central or main ridge was in pre-Cam- 
brian time outlined as a mountain range of highly crystalline rocks on 
the western border of an area of dry land. During long exposure to the 
action of atmospheric agencies and of the pnxlucts of vegetable decay, 
the rocks of this region had become decomposed at the surface and dis- 
integrated at depths. The breaching action along the advancing shore 
line of the ( 'ambrian sea found ready prepared the materials which the 
water assorted and distributed to form the great sheet of Cambrian rocks. 
While these deposits of detritus were accumulating over the shallow 
areas, the materials for the future limestone were gathering offshore to 
the west. As the ix)sitive movement deepened the water shoreward, 
the calcareous materials accumulated above the earlier detrital beds, so 
that we may imagine that, while the later btnls of the Cambrian were 
being made of sand and gravel in shallow water, the lower becls of the 
great limestone were being deposited offshore. Later, with a change of 
some kind in the conditions, there came the deposit of finer material 
over the previously shallow region, while the accumulation of limestone, 
with Lower Silurian organisms, still continued offshore. Still later, by 
another change in the conditions, the deposit of finer detrital material 
extended far to seawani, covering everywhere the limestone accumula- 
tions." 

Very thorough structural and petrographic studies of Hoosac moun- 
tain and adjacent territory are presented by Mr. Wolff in pages 35-118, 
plates iv-xi; and of Greylock mountain by Mr. Dale in pages 119-196, 
with plates xii-xxiii. Metamorphism has nearly everywhere prcxluced 
cleavage foliation, which commonly is far more conspicuous than the 
vestiges of the original stratification. On a grand scale the rocks lie in 
a series of meridional folds; and often hand sjx^cimens of the schists 
have minute and even microscopic folds and faults. Ref<»rring to the 
extreme complexity of thew altered and foliated formations, in which 
the sedimentary stratigraphy is usually very obscure. Dr. Wolff re- 
marks: '*The gneisses of the (Jreen mountains are just as suscei)tible to 
stratigraphic investigation as the unaltered scHliiiients of the Appala- 
chians, but the problem is much more difficult owing to the secondary 
structures pnxluced by metamorphism." 

Following his description of the geology of Mt. Greylock, Mr. Dale 
adds a short discussion of the influence of the geologic structure in de- 
termining the present topographic contour. 
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It in hi»i»iMl that tht* (li'taiUn] w«»rk hfn» puMisheil will serve as a 
hrid^'*' leailini: towanl the (Iet(*rinination «»f the stratigraphy and age uf 
th<» similarly inctaiiioriih<»H('(1 and crystalline nn-ks whieh form nearly 
the \vho|<- area of th«* New Km;land states: sine** the western lK)rtler of 
the (irr^'ii and Taconie mountains is thf iHiundary lK*tw<'en tho«»* rocks 
and the unaltered Paleozoic s<Ties which occupies the greater jmrt of 
New Vork and of the Appalachian mountain In'lt thence southwanl. 

w. r. 

UnntifHHtf,- (iitil f'utaftH/iir nf fht* Mt'tmriti Cttih'rfinn . Bv (). C FaK- 
KiNt.ToN, Ph. T). «Pul»li<'ations of the P'i«'ld Columbian Mus<»um. CJ<»ol. 
S**ries. Vol. i. no. 1. Chicajro, Au^.. iHjO.i This mete<irite iHillection. 
n«»w can-fully (*atalo^uei1 for future us<». ranks amongst th«' larirest in 
the world. It is iiiadi* up of original purchas«*s from the Ward Sciencv 
Kstablishment. of K<K*hester. N. V.. at the time of the World's CV»lum- 
bian Kxprisition. where thes«* siH»cimens were on exhibition by Prof. 
Wanl. and of later purchas<'s from Mr. Cuh). F. Kunz. They comjiritu^ 
many of the lar^^'est and most valuabli* met<»orites fallen in American 
l(M*aliti<'s. as well as lar^e representatives of meteorites from nearly all 
parts of the worhl. With the casts, which numln^r abfiut fifty of the 
other iiiifiortant meteorites, made by Wanl. tin* collection pres«»nts an 
attractive exhibitioTi. The t<»tal number of falls or finds n»pn»8«»nte<l by 
p'nuiiie sjH'cimens is ISO. and their total weight is 4.720.6 iMtunds. 

The handbook consists of a concis*' statement of the facts known con- 
cerning: nu'teorites. historical, chemical, physical and cosmical. illustra- 
ted by references to the (u»llection its«'lf. with some references to chief 
autln^rities and a list of sonn* of the leading' works on mett^rites. 

In n-adin^ the sketch, which is interesting and accurate and cnnlit 
able to its author, two (|ueries ris«' in the mind of the reailer. viz.: 

1. Why not Tiiention amone the theories that have Imm*u proiKW^nl for 
theorii^in of tin* chondritic structun* of the stony meteorites th(» view 
adopted by Proctor and (»thers that the chondri are due to ajfjjregations 
of CMsmic niatter? It may not be correct, but as it has playcnl ijuite a 
role in the literature of the subje(*t it des<TV<'s mention when om» is 
listinir the various th"orieM jiroprMed for the origin of this structure. 

'2. Is not the idea that meteorites "explode." j)nKlucinK the det«>na- 
tions which aecompany their fall. traditi«>nal and imaginary rather than 
atrtual? Is not the noi.m' du<' to the atmospheric agitation protlucinl by 
the inijjact? Is there anythin*: naturally or ixissibly "explosive'* in the 
interior of a Miete«.riter Is not the fact that the interior of the mass is 
usually cold suflicient demonstration that the exterior only has Ix'cn 
heated an<l hence, also, that it has sutTered the greater amount i>f ex- 
pansion? In the firin;: of a cannon is it the ••explosion" pn>per that is 
heard, or is it the atmospheric undulation which is pnKluced by the 
rush of the column of liberated *iii» into the still air? Would it be jxw? 
sible for a loosely cemented stone, like most m(*teorites. to fall uiK)n the 
atmosphere, at the sjieed with which meteorites travel, without disin- 
tet^'ration? Would it n(»t necessarily crumble into many pieces, in the 
same manner and for the saim* reason that a pailful of water, suddenly 
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lil)f rated at a hipfht. is dividod into many parts and perhaps into spray 
])of()n» it roaches the earth? Cannot the different '*exi)losion8'' of me- 
teorites be all attributed to the passajje of so many larj^e masses through 
the air, or to tho atmospheric affitation of their impact on the lower air? 
Would it V>e possible to pnxluce the detonations heard at the time of 
fall by the separation of the meteoric mass into its parts, and at the 
same time not reduce it to powder? Would not the sudden arrest of a 
mass of matter like a meteorite pnKhice a noise similar to that heard by 
the sudden action of the force which starts a canucm ball? Would not 
the rcsistanc*' of the atmosphere be such as to cause a comparatively 
sudden arrest of'the motion of a meteorite? N. H. w. 

has nbrrc Mitt''l<t('r<ni {Schirhicn iiu't Strinijocriihalns Biirtiui und 
Mtii'ui'ri'i'us li'vehnttinii) I'm Wivinincheu (rvhinje. By E. Holzapfel. 
'Abhaudl. der Koni^I. Preuss. Geolofj. Landesanst.. Heft Ki. pp. l-WJO, 
pis. 1-19. 1^9").) The author, widely known for his jirevious publications 
upon the Paleozoic faunas of (iermauy and Bohemia, has herepnnluced 
th(» most elaborate and important work of the year upon the Devon- 
ian. In a brief sketch it is not possil>lc to do it justice, for it marshals 
a jirreat array of facts, many of which, though based upcm local mani- 
ft'stations. are key<Hl uf) to a j^eneral sijjnifi(^ance. The detailed descrip- 
tion of the fauna, with which the w(»rk ojii^ns, evinces this fact in many 
places throutrhout tlie account of its !^.'{S specie's, and is full of su^jjfes- 
tions to the Wi^rkinj^ paleontologist. 

Th«* radical differences in the comiM>sition of this fauna and that oc- 
cupyinir the same strati^rai)hical i)osition in America are more strongly 
einphasiztfd than ever. These are not differences which lead in any way 
tn doubt the prest^nt assigmnent of either, but rather to the conviction 
that the term is yet to be coined which express(»s their individual char- 
acter or mutual relations. Thus, among the multitude of forms in the 
middle Devonian of America (Marcellus and Hamiltcm divisions) are 
species at certain horizons which, in Germany, ai)pear at wholly differ- 
ent j)lancs: Aifnm'atitf's cvptnisiis Vanux. iA. iiic(uisi(nis Phillips, var. 
r./7>/«//.s/(.s. according to Ilolzapfel) is preeminently a lower middle De- 
vonian si)ecies in \ew Vork, but al)()unds at a higher horizon there. We 
might cite the limitati(m of Trofn'dtttrfitiis to the (lerman lower Devon- 
ian, while in Xew Vork it appears first in the Hamilton group and dis- 
apiM.*ars with the Ithaca fauna. Schizftjthnriti str'mtnUi and Lrpttvna 
rlnnnh(n'ifah's are braehioi>ods generally diffusiMl through the (ierman 
middle Devonian, but are wanting at the same horizon here. Again, a 
multitude of tyjws of more than specific value there characteristic are 
here unknown. A glance at the list of trilol)ites des<"ribed by the author 
enforces this fact. There are ('n>t(tl(K'rj)halus, Lirhns, An'thiniina, 
Hui'ites, forms of /*/-of'///N {p. rntssirfnirfn's, I*. tnKitfrninsi which occur 
<mly in our lower Devonian, the GV/v/.s/ox-type alone rejires^'nting this 
genus in the middle <livisiou. Likewise among the cephaloiKuls Pvolr- 
rnnit's clarilohus represents a goniatite-ty|)e unknown here before the 
oxKMiing of the up|)er D<'V<mian: the nautiloid genera Cophuioceras and 
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Sphf/r(ul(M'er(iH tiharacterize the American lower Devonian;* the new 
Cf/rtoceran\ikv gi^miii Kukenia IB unrepresented. Anion^ the ^astero- 
ImkIs is one described as typifying a new genus. Proyalenis iP.convi- 
(t^ns) which is, however, synonymous with Protmutlypinrn Clarke, and 
is known in American faunas (mly in the upper Devonian. Of the 
))rachioiHKl8, Atnphigeuia is lower Devonian in America: among the 
crinoids CtiprcsMH'rinns is hen» unknown, He.rncriunH and Mehn'rhtHs 
are virtually restricted to upper Devonian faunas. There are also some 
notable differences in the intensity of development of certain generic 
tyi^es, as in Ayniihttites {ApltyUiten) of which we recognize two or three 
8p(»cie8 in the N*nv York Devonian [ihrniatHes erpaiiHtis Van., and var 
Hnffiger Hall, and (>. iiHilnftatus Hall) and two of these are incor]H>rate<l 
by the author amtmg the seven varieties of (7. inconstatis Phill. Aaar- 
cesten is represt^nted by six si)ecies, only (me being known here (.4. iate- 
septnins li(*yr. (rott, plcbeiformis HhU). ror//ocr'/7/.s has nine specie!*, 
while the middle Devonian of America has prcxluced but two. Mene- 
ceras^ with four si)ecies, is not known here unless it be by the little 
known shell Gon. orblceUa Hall. Lo.voiwuui and Fidtyceras fall farlje- 
low their American development, PolUchm and Agnesia are not known, 
the lamellibranchs Rutotia and Parallelodtis, Hoplomytitus and /^>s/- 
douia have not been identified here, while (Mrdiohi is represented by 
sev(Mi s()ecies and Cojiocnnlium by six. Mensta is not a middle Devo- 
nian genus in America. And yet with such differences there is striking 
uniformit}' in the two faunas in the comjx^sition of the goniatite, laniel- 
libranch and brachiojKKl elements. 

The author intnxluces four new genera, viz.: Ko/cema,, a cyrtoceran- 
ltK)king genus, with obliquely ribbed sides but with no evidence of sipho 
or fi<*pta: it is compared to iUtlvoprion in structure. Pntgiderus^ as al- 
ready obs4»rved. a gastrop(Kl genus symmymous with ProtoQaU/ptrcexi. 
Poiticiiia (accredited to Koken), a suptM)s<'d platyceratid with strong 
rugoHc growth-ridges. ( 7/ri.sco//<//r/.v, a large terebratuloid brachioi>od 
having a l(K)p extending for half the length of the shell and slightly re- 
flected in front, whence a long and narrow spine projects backward. Its 
structuH' suggests a RensseUvria in which the anterior plate formed by 
the coalescence of the descending branches of the loop has been resorlH>d 
without a tf (acting the median nxl connected therewith and extending 
toward the crura. It is an interesting nuKlificaticm of centronellid tyi)e 
and is rejuesented by three s|)e<'ies, of which Ch. InirroiHi is the typical 
form. 

The genus Eiututittsphcu. which was recently intnxluced by Whid- 
borne for the brachioiMxl Megmitoris ric(tt't/i Dav., is regarded by Hol- 
zapfcl as a synonym of Ainpltigrnin Hall, though we believe it would l>e 
well to adopt the author's suggestion by applying this term to those 
middle Devonian shells having a short form and broadly introvert^^d 
margins (E. rictuf/L A. hft/rirhi). 

'Tlic aut Imr rrp •ati'dlv n-ffr-> to Xho I'ppcr Ih'ldrrJMTir fauna a«< of lower initlill *'. 
I)(>voniaii ais't'. i"lii~ is not in acoordancr Nsitli the ac'c<»i>tt'<l classification of tb'* 
Anu'rican faiina.". nor tliMv- it avrt'f with onr own view. I'hat fauna naturally ••m- 
hracrs "ionu' niiddir Devonian t.v|K*>, hut its most pn'tMnim-nt olt'nu'iits aii* (listinctly 
of ••arlitT aifi'. 
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Tho paloontolojtfii; portion of tho work, which constitutes its main 
part, is followed by chapters mainly jiertaining to the l(x*al developments * 
of the fauna and their correlation. One of these which is concerned with 
the faci<'a of the fauna in its entirety brings forward with much force 
objections to the argument of Walther that the fossil remains of ammo- 
noid cf»])halop<xls do ncjt, generally speaking, represent meml>ers of the 
faunas with which they are found, but after having Ix^en floated by in- 
cIoschI gasi's resulting from decomposition have been carried by wind 
and tide from their deep water habitat in among the shallow water or- 
ganisms with whose remains theirs are found. Holzapfel shows that 
the goniatites of the Cjt^rman Devcmian prevail wherever the limestones 
occur, that their number is greatly diminished in shales and sands, 
while they occur with extreme rarity in coral and crinoid deposits; 
further that, in respect to generic and even sjK'ciiied ty|)es, these* fossils 
are of general distriV)ution in the middle Devonian of both ccmtinents. 
The evidence from equivalent New York faunas distinctively favors this 
conclusion. Not all the limestones of the Marcellus and Hamilton di- 
visions produce goniatites. but these fossils are most prolific in certain 
of thes*' layers and at present api)ear to be closely restrictt^d to narrow 
horizons, e. g.. the almost exclusive development of Aijnii iai Hvh e.vpct n - 
8US and Ttn'iHiceruH (Usvnidvum in the gcmiatite limestone of the Mar- 
cellus shales, and of Anam'stes plehviformfs in a local limestone stra- 
tum of the same age. Furthermore, the presence of goniatites in highly 
bituminous or arenacreous sediments of the middle Devonian can not be 
construed as an argument against this inference for su(!h si)ecies are 
thos(> which also occur involvetl in the calcartK>us sediments of that for- 
mation. This same fact is strikingly true of the lower Devonian or 
Intumescens fauna, a fauna emphatically distinct from those prectnl- 
ing and succetnling: its goniatites alnjund most freely where there is 
calcareous stratum, but the same sin^cies likewise oci!ur in the sandy 
shales and flags. Moreover, the entire fauna in all its elements is an 
harmonious whole, n»pro(iuc(»d in world-distant regions. j. m. c. 

Mitlluxcd (tm! (.'rustdi'i'd of tJtv MiiH'cue FttnittitittuH of yrir Jrrsvf/. 
By RoHEKT Pakk Whitfikli). (U. S. Geol. Survey, Monograph xxiv, 
pp. 19."). with 24 plates : Washington, 1894. Price, 90 cents). Eight 
years ago only fifty Miocene sfx*cies were known from New Jersey : but 
in the present work the number is increasetl to IKK of which 30 are 
found only in this State. ** No living forms hav(» bc«»n found in the 
New Jersey deiK)sits that are not also known to occur in s«»me of the 
more southi'rn localities, and no very close repn*8<'ntatives of living 
sjK'cies are s(»eu among those which so far are found in New Jersey 
<mly.'* The fossiliferous Miocene beds occur in three phases, namely, 
in descending order, a dark brown or chocolate-colored clay, which lies 
next V)elow the ** glass sand ; '' next, a stimy layer of gray nuirl, filled 
with shells of Ostrea and other forms: and, below this, the 1(k>s(» sandv 
gray marl. These divisions, however, do not apiR»ar to be distinctly 
fH»parable zoologically, and they are therefore thouglit to be due merelv 
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to local ciiaii^^cs in conclitions during; the continuance of the saiiii' epoch. 
The H|H'cieH dencrilMMl in thiH work, represented mostly l>y collections 
lielonjjin^ to the National Museum, th(» Academy of Natural Sci«*nces 
of Philad<'lphia. and Kutjfers C*olle^e. are comprised in the followiujj 
claHw^s : BrachioiMKla, 1 : Lanu'llihranchiata. tU : (.ia8tero|XHla..'tt>: and 
Crustacea, 1. this Ikmu^ a Halanus. similar to the common harn'iicle still 
livinjr on th<» N<*\v Jersey coast. w. r. 

.1 (rrnhujirdl h'rrinuiiHssunn' hi Xnrflifrcst Wifniiiiinf. My (iKoi{(;F 
HoMANs Ki.DiJiixJK. (U. S. (Ji'olojrical Survey. Bulletin 119. pp. I'l, with 
a ;reoU»^ic ma]) and s(»ctions : Washini^ton. 1S$U. Price, UWvntM. > An 
area ahout 1.*>I) miles s |uan' in Wyoming, with an adjoining tract l.">0 
miles lon*r and l."> miles wide in Montana, is h«'re described. sj»ecial 
attention beinj^ dire(.*ted to its economic resources. Th(» distritrt coui- 
prisi's the Wind Kiver and Bi^ Horn basins, each nearly inclosed by hiph 
mountain ranjres, and drained respectively by up|K'r and lower i>arts of 
the same river. The rock formations are of Archean. Cambrian, 
Silurian, Carboniferous, Triassic, Jurassic, Cretaceous, and Eocene 
a^je. Archean ^'ranites, j^neisses, and schists, form the chief ma.'^s of 
the Bi^j Horn an<l Wind River mountains : but the southern part of the 
Bij; Horn ranj^e consi.sts of Carlnmiferous strata. All the members of 
the Cretaceous R^rics. as develoiHMl in tlie Upper Missouri repion. are 
displayed on the fianks of the numerous mountain ran^res. Lastly, in 
the lowlands, the Wa8at<'h and Bridjifer deiH)sits of the Eocene peri<Kl 
occupy larger areas than thos" of the oldwr formations in this district. 

Tii^nite coal seams, mostly too thin to l»e workable, but ranvrinjr in 
thickness up to ten feet, o<*cur in the Laramie f»)rmations; and in one 
locality the Niobrara beds contain a lijj^nitic layer about two f»M»t thick. 

Pc^troleum s])rinj;s issue in various places from th(* Triassic r<*d be<ls 
and the Niobrara shales. .Thre«' oil wells, 4(K), (UK), and 1,(K)() feet deep, 
have l)een sunk, and yield an al>undant and steady surface How. when 
it is permitted : but they are kept clos<*d because of the distance from 
any market. ** Tlie natural occurrences of oil, and the success thus far 
attainecl in the drilled wells, warrant firm and favorable belief in the 
future of the Wyomin*^ [letroleum fields.-' 

lUiildin^ st(mes of excellent i|uality. clays well adapted for brick- 
makintr, beds of ^^ypsum .") to .'50 feet thick, ^^old in certain conjijlomerates 
and .sjindstones on the Bi^^ Horn ran^a\ several very large hot sprinijs 
held in hi^h repute for their ciH*ative qualities, and the scanty agricul- 
tural lands within irrigable limits, complete the list of the natural re- 
sources of the ri'gion. Away from the mountains and streams, the 
country is "a vast desert, inten.sely heated in summ»'r, wind-swept in 
winter, with hardly a spear of grass for grazing." w. v. 

Eh'iut'utdnj Phifsirnt (r<o(jr(ff>hif. By Kali'U S. Takk. (Pages xxxi. 
188, with 29 plates and charts, and 2(>7 figures in the text. Macmilian 
»V C )., 18iJ.'). Price j?l.l().) The i)resi»nt treatise, designed as a text book 
for scluH»ls. is based on the manuscript <.>f a more advanced work, which 
is so«m to be ])ublished as a handbook for teachers anci for reference. 
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In the lirHt part, treating of the air, the outlines of the fast advancing 
science of meteorology are i)re8enteil, with a chapter on the geographic 
distribution of animals and plants as de|)eudeut chieHy on climatic con- 
ditions. The second i)art treats of the ocean, its abyssal dei)osit8. its 
faunas in varying depths, and its waves, currents, and tides. In the 
remaining third part, which occupies'more than half of the b(M>k, the 
land is ccmsidered. All the chapters of this part, relating to the crust 
of the earth, denudation, tojMigraphic features, river valleys, deltas. 
fiiKHlplains. lakes, glaciers, thej^coast line, plateaus and mountains, 
volcancK's. carthiiuakes, and geysers, and the relationship of man and 
nature, are very instructively and attractively arrangetl. The whole 
field is viewed, and its lessons are stated, from the standjjoints not 
merely of the geographer, but likewise of the geologist, with due regard 
to the connuon ground of geomorphology, where the earth's present 
surface f«»atures are shown to have (!ome through long antecedent stages 
of gradual devel<)pment by geologic conditi<ms and agencies. 

The abundant illustration by charts and diagrams, and especially by 
the admirable ** half tone'' engraving in iti? clear coi>ics of photographs 
with all their fidelity to the truth, well exemplifies the recent great pro- 
gress in this imix:)rtant auxiliary for imparting school instruction. The 
pupil finds at the end of each chapter a short list of the most ut-eful 
books t() be wjught in libraries for further pursuit of that portion of the 
subject ; but both teachers and students are urged to supplement the 
study of the text lxM)k by field excursions and observation. w. r. 

lliv Lakes nf North Ainrrira: .1 n'odliKj hssoii for sfifdrufs of 
(rcoyraphif (tiid (ieoUujif. \^\ Iskakl C. Risskll. (Pag(»H xi, li^o. with 
2:J plates, and figun*s in the text. Ginn »t Co.. 18JV).i The six irhap- 
ters of this interesting and convenient reference b<x)k for sch«H)l8. 
colleges, and general readers, are (1) origin of lak<* basins, in which the 
author ft>llows mainly the classification of Davis : (2) movements of lake 
waters and the geological funeti<ms of lakes: (.'b tojMjgraphy of lake 
shores, nearly as in the classical work on lake Honm'ville by (iilljert, to 
whom tliisb<x)k is dedicated : (1) relation of lak«»s to climatic conditions: 
(5) the life histories of lakes: and ((>) studies of special lacustral his- 
tories, including the Pleistocene lakes of the Laurentian basin, the 
glacial lake Agassiz in the Wiimipeg basin, and the Pleistocj'ne lakes 
Bonneville and I^ahontan in the present Great Hjisin of interior drainag<» 
within the broad Cordill<*ran mountain belt. Excepting occasi<mal 
tyjK)graphic errors, mostly unimportant, the work is excelh'utly done 
by an author who has contributed much original investigation in this 
field by his work for the U. S. CJeological survey in explorations of lake 
Lahontan, the formerly higher stages of lake Mono, and many other 
smaller Pleistocene lakes due to a more moist climate in the Cordilleran 
region than that of the present time. w. r. 

(Vianirtrristirs of tftr Ouirh Mountains. Hy ('. H. Kkvks. (Mis- 
8(mri (ieol. Survey. V(»l. viii, pp. .'{19 .T)!?. Jefferson City, iSiKi.i This 
pai)er is in the main a summary of what is known regarding the Ozark 



394 The American Geologist, December, 1M15 

mountains. Under the term Ozark uplift the author would include the 
Shawnee hillR, St. FraneoiFi mountainH, Ozark plateau. Boston moun- 
tains and Ouachita mountains. The uplift as a whole is a canoe-shaped 
dome extending; from southern Illinois to Indian Territory. It stands as 
a dividing? line U'tween the coastal plain, asrepn»st»nted in the Mississippi 
embayment, and the (ireat plains. The middle of the uplift is a typi- 
cal hi^rh plat€»au: around the marf^ins an» the areas of more pronoumwl 
topoj?raphic diversity known by the diffen»nt ItK'al names jdven above. 
Kach is considennl s(»parately. The Shawne<» hills are ridjjes and repre- 
sent structural features. The St. Frami)is mountains are made up of 
isolatcnl iK^aks irre^^ularly clustennl. The lioston mountains form a 
ran^e of sttM»p sided eh^vaticms lyinj? betwcH»n the White and Arkansas 
rivers. The Ouachita mountains show numenms anticlinal ridj^^s. 
They are Ix'licved to U^hm^ structurally with thi» remainder of the 
jjmup, the separation lM»in^ due to the mon* rapid erosion of the C*oal 
Measure shales. 

The crystalline nnrks of the re^i<m Ix'lonK to two distinct i)eriods, the 
jrranites and iH)rphyries to the Archean and the eleolite syenites to the 
Cretaceous. Th»» reco^niti«>n of the Al^onkian is considered as provi- 
sional only. The Ozark wries is In^lievi^d to include both C^ambriau and 
Silurian. s«»parated i)Ossibly by an unconformity, that seen at Pai;ifii?. 
The pres<*nce of numerous unconformities, as indicative of repeated os 
cillations, and the freshness of the stn*am erosion, as evidenced in th<» 
8hari>ness of the valleys and the dissection of the Tertiary i)eneplaiu. 
an» insistcnl uikju as evidence of the recentness of the uplift. It is bt»- 
lieved, indeed, that the last cycle of elevation is not ende<l and that el(» 
vation is now taking place at a rapid rate h. f. it. 
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CORRESPONDENCE. 

Dk. Holst on thk Co.NTiNuiTY ok thk (tLacial Pkrjod. The Geo- 
lojrical Survey of Sweden has just published an im{:M)rtant paper (No. 
l.51i by Dr. N. O. Hoist, entitle<l *'Hardet funnits mera fln en Istid i 
Sveri^e?'' I '*Has there been more than (uie Ice Age in Sweden?''], in 
which Dr. Hoist intimates that fashion has had much to do with intro- 
ducing and 8upp<.)rting the theory of two ice ages in Scandinavia. After 
tletailing the subdivisions of the glacial advance and retreat which by 
some geologists are confidently attributeil to distinctly separate glacial 
eptu-hs, he maintains that the facts have been greatly misinterpreted 
and that he finds no sufficient evidence of successive and distinct ice- 
sheets or e|j<H'hs of glaciation. 

Much weight attaches to what Dr. Hoist writes about .\merican facts, 
inasnnich as he traveled (extensively in this country in 18111, and was 
conducted to the critical iM)ints of glacial investigation by Prof. Salis- 
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bury ami others: hikI the value of his conclusions is further increased 
by the extended observations made by him several years before on the 
glaciers of southern Greenland. "The general moraine/' he says, 
"which can be compared with that in Scandinavia, ends in North Amer- 
ica in a bouldery belt inclosing small lakes, with drift hills and ridges 
sometimes 15() to IJOO feet high, trending commonly in a direction at 
right angles to the glacial striffi. This moraine belt is somewhat like 
the Swedish hilly moraine landscape. It is this ridged V)elt that is 
called the terminal moraine. Americans consider themselves able to 
trace this from east of New York along the south side of the Great 
I^kes into Dakota to the east bank of the Missouri, also farther along 
that river toward the north and northwest. 

''These terminal moraines, according to the interglacial conceptions, 
are supposed to mark the southern boundary of the American ice-sheet 
during the second glacial epoch or ice age. But south of this belt is 
found a considerable tract which adjoins it as a border, and which is 
characterized in general by lese. st?vere glaciation, and, on the whole, V»y 
a thinner and less com])lete covering of glacial de]X)sit8. This tract has 
been called *the fringe/ or, to use a term of the interglacialists. the *at- 
tenuated lM)rder.' The larger part of this is attributtnl to the first ice 
age. 

"When (^hamberlin in 188,'} expressed himself more certainly for the 
interglacial theory he founded his convictions on two reas<^)ns, tlie first 
of which was the fKisitiou of the 'terminal moraine.' Since then, how- 
ever, it has been discovered that there are s^neral such morainic belts 
which lie concentric one inside the other. If one lets the most southern 
moraine prove a separate ice age, it becomes hard to understand why 
the same ini]K)rtance should not be given to the other remaining mo- 
raine lines. 

•*In 188(5, Chamberlin and Salisbury gave a more (romplete sketch of 
the differences between the two ice ei)ochs. The first was less jM)wer- 
ful, scatteretl its material more uniformly, and did not generally pile it 
up in moraine ridges; wherefore terminal moraines and drumlins are 
wanting. Further, the glacial erosion was weaker, so that the water 
systems of the drift area south of the moraines have few lakes or rapids. 

''During the last ice age the conditions were nearly the reverse. The 
glaciation was quite strong, and immense terminal moraines were plowed 
up. The mountain sides were stnmgly eroded, and the streams Howed 
with great fx>wer in their courses, sending vast masses of glacial grav«*lK 
from the edge of the ice far down into the valleys, which th(»y tilled to 
a great depth with well assorted material. 

"But this so-called proof, the writer dares maintain, s{K'aks directly 
against the theory of the interglacialists. If North America had tw«» 
ice ages, of which the first, after having c<»vered nearly (me-half of th<- 
continent, melted so comi)letely that it left the country in an interglacial 
condition free from ice as now. it certainly is very peculiar that the ic«- 
of the 8U<*ceeding epoch should reach almost as far as that of the fiist. 
It is even more peculiar that the acticm of the first and maximum i( :' 



i)OS 77/e American (retffogiifL DtKMMnbor, iHKi 

sheot shoiihl havi» boon weaker than that of the socond: and it is most 
remnrkablc of all that the firflt continental glacier should have faile<i to 
deposit moraine ridges and other sediments which usually belong to 
land ice. The case, however, becomes JM)th simple and natural if each 
of the above grou])s of facts be regard(Kl as more or less marginal, b<»- 
longing in one and the same ice eiK)ch. The smaller amount of erosion 
and weaker glaciation outside of the terminal moraines need with this 
conc«'j)ti<m no separate explanation. 

••Other i)nK>fs. considereil even more iminirtant, are deriveil from the 
extensive oxidation and erosion which the oldest glacial drift has under 
gone, and which an» 8UpiK)sed to have ret|uireil a very long interglacial 
epoch: and finally, the vegetati<m and interglacrial forest layers imbed- 
ded in the drift bound<Ml by the moraines are thought t*) 1h* specially 
significant . 

•*But the oxidation of the oklest drift (the fringe) is characteristic of 
th<* eastern as well as of the western bonier of the glaciate<i area. It is 
very thorough, showing a strong yellow-brown or n^ldish color, and in 
some instances it extends to a depth of twenty or thirty feet, and is as 
thorough at the bottom as near the top. This is the case in the region 
of Oxford Furnace, N. J., where the writer, under the guidance of 
Salisbury, had a chance to get acquainted with it in 1891. But in this 
locality, considered especially im]M)rtant, the oxidation api)eared to Ih» 
entirely t<Hideep. t(H) uniform downward, and altogether ttK> thorough, 
to have taken place during the Quaternary era. Clearly the material of 
which the sediments in question are formcKl must have been already 
strongly oxidized before it was de]K)sited. The oxidation was thus pre- 
glacial." IReference is here made in a footnote to my reports uix)n the 
region as in harmony with the author's.] *'The writer has come to this 
conclusion in view of the experience which he has had in Sweden in cr!>- 
serving the Quaternary oxidaticm and weathering, which decrease gen- 
erallv downward .... 

"Siilisbury has besides, together with C'hamberlin, published facts 
derivcnl from their American investigations which give a more correct 
estimation of tln' extent of the Quaternary oxidation. They state that 
the loi»8s is oft«'n oxidized to a depth of four to five feet, and also in some- 
plac«'s deeper. Hut it is very hard to understand why the int^i^rglacial 
oxidation should have alFected the Mi8sissii)pi lo«*ss and the older New 
Jrrsry glacial deiM>sits in such very unlike manner, although they were 
formed at tin* same time, or at least during some part of the first ice 

age." 

.Vfter discussing the nat ure and supposed extent of the interglacial ero- 
sion, and outlining the theories of Chamberlin and Salisbury concern- 
intr thr Kh'ss. Dr. Hoist speaks of the light thrown uixm this deposit by 
tht' ••kryokonite." or dust found on the (ireenland ice-sheet, which, he 
savs. shows a i-omniete resemblance to the loess, and. ''if the waiter is 
not mistaken, is the origin of a similar mud-making process With that 
which has pnuluced the loess. The watc'r which circulates upon and 
bcrii'Hth the outrr iM)rtions of the ic<' washes the finer material which is 
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HcattiTCHl oviT tho nmr^in of the inland ice, and which is incl«)fltHl in the 
layers of the decaying ice front, out against the moraine, but leaves in 
the ice the other material which is not fine enough to pass away as clay 
mud. In this way the loess, as well as the clearly similar mud prcxlucts 
of (ireenland, receive an entirely satisfactory explanation.- ' 

After remarking ui^m the diminished imix)rtance of interglacial for- 
<'8t beds since Prof. Kuhs«»11'8 discoveries in Alaska, and uixin their oc- 
currence chiefly in the marginal area. Dr. Hoist says that '*if in reality 
the glacier which once covered almost half of North America could 
have entirely melted away. iKTmitting an interglacial e|K>ch many times 
hmger than the postglacial, when the country* was free from ice as now, 
vegetation and soil ought, at least to as large an extent as now, to have 
taken )>o88e8Hion of the surface: and when an ice-sluH't a second time 
moved forward to the former lM>undary line, it ought to have buried, 
and in numerous (.'ases to have ennled, but not to have wholly removed, 
the interglacial layers. We should, therefore, now find in innumerable 
places under the later moraines vegetation and interglacial soil; and, fur- 
ther, we ought to find in the morainic drift, fragmimts of Inmes, shells, 
W(Kxl, and other organic remains almost without number, and finally in 
some places one ought to come upon outside layers ()f interglacial age. 
Hut, exc«*pt in the marginal part of the drift area, <me finds nothing of 
all this." 

Dr. Hoist further remarks ujxm the difficulty encountered in the at- 
tempts to correlate the glacial and interglacial ejKH'hs of Europt^ and 
America. "The same yellow and blue moraines which in Scandinavia 
and northern Germany are sui)()osed to reprt»stmt two i(r*» ages are also 
found in North America. 1 have seen tliem mys<'lf in Ohio, but there 

they are wholly attributed to the later ice age The Im^ss, which in 

F^urofH' belongs to th<» H<»c<)nd ice age, in America is HUp|K>Bed to belong 
to the first." etc. 

In ctmclusion the distinguished Swt»dish author expres.m»s it as his 
opiniim that there can not be the stnmg cumulative force in the argu- 
ments brought forward by the multi glacialists which has been attrib- 
uted to them, since each argument, when weighed separately, is insuffi- 
cient. He affirms that, during his widi' travels in the inv«'stigation of 
the facts in ijuestion, he finds nowhere any decisive proof of the hyjK>th 
esis of an interglacial eiK)ch. Nowhere in foreign countries is any fact 
met that can be considered to make it unlikelv that in Swed<*n there 
was only one ice age. (J. Fkkdkkuk Whicht. 

(flH'riiu, OliiiK Sttr. t'tth, /s.'/.i. 
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PERSONAL AND SCIENTIFIC NEWS. 



I)k. K. M. HA<i<; lias been appointed asMstant in pfeology in 
the •l(»hns ]I(»pkins I'niversity. 

Antonio dki. Castillo. F. (i. S. A., director ()f the Mexican 
(fCcklogical (.'<»inini!4sion, died in the city of Mexico on Octo- 
ber i7th. 

Pkof. Clkvklani) Aukk. of the Tnited States Weatlier Bu- 
reau, will jifive four lectures upon -'('liniatology in its relation 
to physiography" before the geological department of .Johns 
Hopkins I'niversity (ui .Ian. mh, 7th, 8th and IHh, 1896. 

Chaklks SrRiBXKK's Sons announce the publication of "The 
Kartlf s History, an introduction to modern geology,'' by R. I). 
Roberts, lecturer in the University of Cambridge; and *'The 
Realm of Nature,'^ by Hugh R. Mill, of the I'niversity of Ed- 
inburgh. 

Thk National Acaokmy of Sciences met in Philadelphia on 
Oct. 20th and :U)th. The following geological papers were 
presentcil: On the l*alcozoic reptilian order of the Cotylosau- 
ria, by E. I). Copk : On a bone cave at Port Kennedy, Pa., by 
E. I). Cote; On hearings through the coral reef in Florida, by 
Alkxanokk Aoassiz. 

tuk kkihth wixtkk mkktixo of thk (ieolo<ii('al society of 
AMKiticA will be hehl in Philadelphia, probably at the Univer 
sity rjf Pennsylvania, beginning Thursday, Dec. 26th. The 
council meets Thursday morning and the society will be 
called to order at two o'clock on Thursday afternoon. The; 
list of papers will be distributed on Dec. 11th. 

'J'hk Johns Hopkins I'nivkrsity aniuKinces that Sin Akchi- 
jiALi) (iKiKiK, V, R. S., D. Sc, LL. D., Director-General of the 
(ieologieal Survey of (ireat Britain and Ireland, has accepted 
the invitation of the president and board of trustees of the 
Johns Hopkins Cniversity to inaugurate the (Jeorge Hunting- 
ton Williams memorial lectun*ship, and has selected October, 
18iM>, as the time for d<»livering his lectures. 

1'hk (lKoL(Mii<'Ai. SociKTY OF \Vashin(;ton held its 87th 
meeting on Nov. l.Uh. The following pap<'rs were presented: 
A review of the literature of the South African gold fields, by 
S. F. Emm<)Ns: Informal summary of observations in Alaska, 
by (i. F. JiKCKKH and W. H. Dall. At the meeting cm Nov. 
27th the following papers were presented: Field notes on the 
geology of Oregon, by .1. S. Dillek: Oeology of the Sonora 
sheet, Cal., 11. \V. Tiknkk: Notes on nuignetic ore, Sno(iua- 
liuM*. Wash.. Bailkv Willis and (i. O.Smith: Remarks on the 
nijM-k hills, N. H. Daktox. 
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GEOLO(iicAL Survey of Cafe Colony. It is announced that 
a commission has been appointed to undertake a systematic 
geological survey of this district. One of the first efforts of 
the commission will be to prepare a bibliography of publica- 
tions relating to the geology of the region. 

During the past summer Dr. Leonhard Stejneger, while 
at Bering island, was fortunate enough to secure some bones 
of Pallas* cormorant at the locality where he had found oth- 
ers in 1882. At the time these were the only known bones of 
this extinct species. Among the more recently obtained spec- 
imens is a fairly complete cranium which is somewhat larger 
than that of any existing species, and is peculiar in the char- 
acter of the ethmoid and opening in the front of the cranium. 
Mr. Grebnitski has also procured some remains of Pallas' cor- 
morant from the same deposit. (Science.) 

**Greexlaxi) Icefields," a new volume of the International 
Scientific Series, ))v Prof. (t. Frederick Wright and Mr. 
Warren Upham, is announced among the publications of Ap- 
pleton & (-0. for the present month. Prof. Wright, in seven 
chaj)ters, describes the floe ice of the Labrador and Spitzber- 
gen currents, his observations on the coasts of Labrador and 
Greenland in the Miranda expedition of last year, the Eski- 
mos, and the Danish settlements. In the next seven chapters 
Mr. Upham writes of the flora and fauna of Greenland, the 
explorations of the Greenland ice-sheet by NordenskjtUd, 
Nansen, Peary and others, the PUnstocene glaciation of North 
America and Europe, and the causes of the Ice age. The book 
will be illustrated by several maps and many figures from pho- 
tographs. 

The Geolocjical Survey of Canada has issued, in advance 
of the report, a ge(»logical ma]) (Seine Kiver sheet of the 
Thunder Hay and Kainy River districts) of the Seine River 
district of southwe«>«tern Ontario. This comprises the region 
directly east of the Rainy Lake goKl fields. The belt of Kee- 
watin green schists, in which occur many of the gold veins of 
Rainy lake, extentls eastward through this Seine River dis- 
trict, and already many niiiiin»; locations have been taken 
within the limits ol* this niaj). There are also deposits of iron 
ore known in the Ke«*watiii rocks in the center of this district 
along the Atikokan river. The whole region covered by this 
ina|) is underlain })v roeksof j)re-Cambrian age, a large part of 
which are gneisses and granites. The geological work was 
done by Messrs. W. H. Smith and Wm. Mclnnes. and the map 
is to illustrate the re]>ort of Mr. M<*lnnes in volume 7, 1S95, 
of the Annual Report of the (ieologieal Survey of Canada. 

'J'he Wisconsin Academy of Sciences. Arts, axd Letters 
will hold its annual meeting at Madison f>n Thursday. P'riday, 
and Saturdav, Dec. :>i)th, 27th. and 2Sth. The sessions will 
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be in the rooms of the Academy in the Capitol building. On 
Thursday there will be afternoon and evening sessions, and on 
Friday there will be morning and afternoon sessions. The 
annual supper of the Aeadem}^ provided by the local mem- 
bers, will b<» given Friday evening. According t^ the usual 
custom, after supper there will be an informal discussion up- 
on matters concerning the welfare of the Academy. At this 
time will come up the question as to whether another attempt 
shall be made to secure the passage of the bill, drawn by the 
Academy, for the establishment of a geological and natural 
history survey, and if it is decided to j)ress the measure, the 
methods to be adopted will be considered. If the program is 
not completed Friday afternoon, the final session will occur 
Saturday morning. The Wisconsin Academy is the official 
society of the State, occupying the same relation to Wiscon- 
sin that the National Academy does to the United States. 
Liberal provision is made by the State for the publication in 
excellent form of suitable papers. Special invitations for 
papers have not been made. The ])rivilege of reading pai>er8 
is eciually open to all members. Titles of papers and time re- 
quired for presentation should be sent to the president or 
secretary on or before Dec. 1st., so that these may be printed 
in the final announcement of the meeting. 

FiKLD Work of the U. S. GEouxiicAL Survey. In Science 
for Nov. 8th ap])ears the following note concerning the field 

work of tlu* V. S. (ieological Survey: 

Director Walcott, of the U. S. Cr^'ological Survey, has returned to 
Washington after a two months' absence in tht* northern Rocky Moun- 
tain region, Hpt^nt in fiekl work. He was studying the Cambrian rocks 
and faunas of Montana and Idaho. 

The field work of the season is drawing to a clow*. Nearly all the 
geologic partieH have comt^ in, though work is still going on on the 
Pacific coast, and, H» a small extf»nt, in th<* Interior or Mississippi basin. 
Work in the northern Rocky Mountain n»gion and in Washington was 
brought to a stop early in Octolx'r by severe storms. In this region 
Mr. Emmons and Mr. Willis wero at work as well as the director. The 
special work in Alaska, an examination of the gold and coal resources, 
was advanced so far as conditions would i)ermit. and Drs. Becker and 
Dall are now in Wa8hingt(m preparing their joint reiH)rt on the subject. 
Since submitting to the Sefn»tary of tho Interior his re|>ort on the 
character of the lands involved in the McBride claim in Washington, 
Mr. W. Lindgren, who made the export examination for the Grovernment 
in that case, has been mapping the geology of the mining region of 
northern central California. 

Toi)ogra])iiic work is still in progress in all tjuarters. The number of 
sheets surveyed is unusually large and the work is generally of excellent 
character. Surveys are. or have been, in progress in about twenty -five 
states antl territories. The Chief Toi>ographer, Mr. Henry Gannett, 
made an ins])ection of the work, esp(»cially that in the west. The work 
going on in Indian Territory is of special interest because of the ix^culiar 
ccmditions governing it. Here, in connection with the regular topo- 
graphic mapping, a sub divisional or parceling survey is being made in 
the interest of the (general Land office. This work was much retarded 
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in the summer months, partly by the illness of the men, due to the pre- 
valence of malarial fever, and partly to other unforseen obstacles : but 
the conditions have improved and the work is now advancing with 
gratifying rapidity. This work will go on all winter. 

Director Walcott will shortly prepare a succint report of the oper- 
ations of the field season, for the information of the Secretary of the 
Interior, briefly reviewing the work in all its branches. 

Geological Survey of New York. 

There have recently appeared in the daily papers of New 
York city, in the Kngineerimj and Muihui Journal and in Sci- 
ence^ articles purporting to give an account of the current 
work of the geological survey of the state of New York. 
These have probably had their origin in the unintelligent work 
of the space reporter, and they seem to have been largely de- 
rived from one another. All are inaccurat<% a fault more par- 
donable in a daily newspaper than in the two scientitlc journals 
mentioned. The doings described are those of the recently 
organized land survey which is equipped solely for to])Ograph- 
ical work. 

The geological survey, by the more than usual consideration 
of the last legislature, has had a very busy and profitable sea- 
son in the field, a number of special assistants having been ac- 
tive in various parts of the state. Professors J. F. Kemp and 
H. P. Cushing have been continuing their study of the crys- 
tallines in Essex, Clinton and Hamilton counties. Prof. V. H. 
Smyth, Jr., is engaged with the structural and economic geol- 
ogy of the western crystallines in St. Lawrence, Jett'erson and 
Lewis counties. Professors ('. S. Prosser and J. M. Clarke 
have been studying the problems presented by variation and 
distribution of the Portage, Ithaca and Oneonta formati(nis, 
the former in Otsego, Delaware, Schoharie and Albany coun- 
ties, and the latter in Chenango, Cortland and Schuyler coun- 
ties. Mr. I). I). Luther has also given some time to the trac- 
ing of the more westerly extension of the Portage-Chemung 
contact line. Dr. Heinrich Hies has made a stratigra])hic and 
economic survey of Orange county. Dr. I). V. Lincoln one of 
Seneca county and Mr. L P. Hisho[) one of P>ie county. 

The work has been aceom])lished with the help of a legisla- 
tive approj)riation for the prosecution of the geological map 
of the state, of which a proof edition of a ])reliminary issue is 
to be at once published by the V . S. (Geological Survey, by 
virtue of an arrangement made ten years ago between the 
stat<J geologist and major Powell and continued in force by 
the present director. The preliminary edition will be small, 
but sufiicient to supply the colleges, high schools and acade- 
mies of the state. With the aid of the legislature work will 
be continued upon the still unsolv<?d problems presented by 
certain regions of the state for incorporation upon a future 
edition of a more (umiplete ma]). 
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Under a special provision for the continuation of inve>?tiga- 
tione pertaining to the geolog^y and production of gait, Mr. I). 
I). Luther is employed in the collection of data, much of his 
time thus far being given to the study of the developments in 
Onondaga county, and the economic geology of that county 
will be published as a special part of his report. 

In the matter of publication the year has been a fruitful 
one. Toward the end of 1894 appeared part 2 of volume viii 
of the **Palafontology of New York'' with which the work 
known for so many years under that title and as part of the 
"Natural History of New York" is formally closed. The ter- 
mination of this work is not due to any intention on the part 
(»f the venerable head of the survey to discontinue investiga- 
tions in paleontology, but is the outcome of embarrassing 
complications which hav(» arisen in lati' years over the super- 
intendence of the publication. Evidence of the annoyance 
which has come from this source is the fact that of this large 
volume completing the study of the genera of the Brachiopoda, 
upon which work had been carried forw^ard consecutively for 
seven years, but one hundred copies have been print^^d and 
these were completed at the personal cost of Prof. Hall, after 
an appropriation for the publication of the entire edition had 
been lost through unfavorable influences, notwithstanding the 
good will of the legislature in providing the necessary amount. 

The annual report for 1898. consisting of two ro^-al octavo 
volumes of 1,000 pages and numerous plates, was issued early 
in the year. This report embraced, in addition to much geo- 
logical matter, the final j)art of the ^'Handbook of the Brachi- 
opoda'' which was begun in the report for 1891. 

The legislature of 1895 provided for the publication of a 
monograph of the* fossil reticulate sponges. The prej)aration 
of this work is essentially completed and the printing will 
soon c<»nimence. The book will be of elegant j)roportions, 
contain sixty lithographic plates and constitute number 1 of 
th(» **M(*moirs" of the geological survey. 

Much ])ublicity has been given to a bitter ])ersonal attack 
upon the stat^ ge(»logist made in the summer by the secretary 
of the board of regents of the State University before a com- 
mittee of the legislature. This was one of the galling experi- 
ences of which every one engaged in otlicial scientitic work may 
<'Xpect a share, and which are bound to embarrass and delay the 
progress of science. The extreme invidiousness of the attack 
arons^^l a wide-spread symi>athy and interest in j>rofess()r Hall 
and his work, aTid under the probing of the committee its base- 
h'>siK'Ss was exposed and the incident has resulted in justifying 
til" otlicial e.onduct of the state geologist and in stn'ngthening 
W\>^ department. 
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-I'lii-ii iiii'l iMtliiniM'iifii l>i\ii!i^. \. \on 

|{lM>IICll. ^il*. 

IfliiT |ial.i-/«ii-rln' fauiii-M an- \-ia iiml 

Niinl.ifrika, I- . Kri-rli. "JiU. 
r«*liiT p(i~rari'hii-i<'('lirii (irariit mmi Siili- 

t.'hiia. « ». Noii|i"ii>kjAli|. irji'. 
I'niiui ( tilh'tri". 'J»i>. 



TIH* III' ilK'' III ■'«IMIII iiiiiMir.-| illHI 

Kiirii|u-. I«ii' lii'i»li»u'ir;il S4K'ii"ty aiul 
Vnnricaii \<MM'iali«iM ini-i-tiMtr.-. "J-Ll; 
Prinnlin- mMiI tniiicinal irmraiiii-- nf 
iri--.-lii-i'!.'. '_':<1 : Vl«■^\ nf iln- Iri* au'i' a- 
uvii i-iMirii*-. ill" (ilai'ial ami ^'liain- 
|ilaiii -Vi-. Warm li'jnju-i.ili- vr::i-rat inn 
ni-ai- ::l.irifi«-. ;0'. 
rii|tii Miniian in ii"»i'lii-.i -rirn low^i. 
A.d. \Vil-i.n,J7:i. 



Van Hi.-'-. • . H.. -'IJ: \nah-i- .if inJiK. 

'_'H : Hi'latiitii- «if |ii-iMiai\ ;iiifl ^i'i><iii 

«lai\ ^1 1 nrtniT- in mrk-.'JIT. 
\ aiiL.'iiaii. 1 . NN .. Si-rrinn nf tin* Knnin- 

Mt Ol*l i'<iiT (aiUiii lamtin::. ^••^a<. :<■■). 
Vii'W lit till- l«''- at.'»' a- iwn <-|»<»i'li~. tin- 

(ilarinl aiui ( liaiiiplain. W . I plia in. '_'.');■. 
VimI;.'i'>. \. \V.. t»n a rn-w I i-iliilii|f fi.m, 

till- Vrivaii-a- • '•»al M'-a-iiri'v, Jtrj ; Siij.- 

pliii I ri! t<i till* l'ilili«iL-r.i|i|iv nf I'.ili-ii 



y.iiji" ( rii-taf'-a. '2*k1. 
Vutft. Karl. t'lT. 

W 
Wail-worth. M. K.. "_•»•»: Tlu^ fleet ivc :f}-i>- 

t«'iii a- a<l«>i>ti><l ill till' Micliuran mm- 

nine M'hiNil. '."^t. 
Walter. Kinnia. IhM— tlu' mOawMiv^ water 

u'ap I'linsi-T iif twn rivtT »n»rm •.«**. 3UU 
Warm ti*iii|ii>rati* vc»rct.'iritiii iK^ar 

t'laoii-r.-. W. rpliain, ;ti»J. 

wiiitf. I. r..j:r;. 

Whittlild. \{. I'.. Ki-j.iihlication (if clv.«- 
^iTiptiiiii nf fti>.>il> fniin tli«' HnW col- 
ht'thin. i-tr.. :{!! : Mol)iiM*a ami ('rnattii- 
ri'H <»f tlif Miocfiif of Ni'W J<'r.«H.'y, 'Jn. 

W liirl|KNi| of Niaffara. (r. >V. liolli*y, £i]. 

W liitravi>-, •!. K.. K(>vi^■inll of the faoDa 
of till' (iiirlph foniiatioii. lil'l: Vtn^Vis 
of tlif Hutl«on Kivi.T forniatitm at 
.Stoii.\ Mountain. Maiiitiiha, 'M*l. 

William-, (i. H.. 131, lli>. 

Willi.-. Itailiy.nT.IHl. 

W'iJMiii. A. a.. SnlMlivi.-ion of tlio Uniyr 
Silurian in northca.-r Iowa, *J49: The 
I'plN-r Silurian in northisi-^tfni Iowa, 
■JT.'i. 

Winolall. II. v.. LV.s. 

W'iin'lii'll. N. II.. Sti'pMif pro*m'>.-«ive re- 
-raivli in thr tn'oloiry of the Lake 
SiiiM-rior nvi«»n prior t«» tlw lato Wii«- 
ron.-in .-nrii'v. IJ : Tin- Kcweouawail 
arroniiiitf to the W'i.-H*onsin (nfiltiiricttf, 
T.'i : \ rat ioiial vii-w of tin* Kt>W(H«uawan 
Iii.*>: Tlii> -.Mirhn>ni.-ni of tlio Lako 
Sn|N>rior n>^ioii with othorpurtionsof 
the North .\ni<*rican cdntincnt, 2X)9: 
Thr lati'St iTiiptivf.- of the Lakp 
•Sniwrior n'k'ion. "JiW: Sinirct' of the 
Mi-.-i-.-i|ipi. :rj;{: ('oin|»iirativo taxonn- 
in\ of tht> nH*k- of the Lnkf Sn^ierior 
n-trion. :KU. 

W in-low, .v.. YAuv aiui l(>ail tloptniits of 
Mi.--oiiri, II**. V9K 

Wi.-riin>iii Aca«li-m\ of Sfii-iicf. .Arts auil 
I.i'tt« i>.IO|. 

W olff. .1. K.. (iiMilotfv of tlu' (int'ii inuun- 
tain- in Ma«i:-acliii>i'tt.-. :fi*H. 

W I KM I wan I. Hi-nr>. *'*\. 

Wriirlii. (J. I-.. JVJ. I'll: (flaoial phono- 
iiuMia lH-twi>i-n lako Champluiii and 
l.ikf iii-iii-u't> and the Hii(l<^>ii, 'J.Sl ; Ac- 
count of the ilisooviTV of a eliippecl 
clii-rt inipl'iriiMit in un«li>tiirlM.*4ltf]acial 
K'raxi'l iii'ai- StiMilMMivillo, Ohio, 255; 
hr. liol.-t on tlii> conliniiity of tlio <Ala- 
f lal jM-rioil. :fl*i». 

Z 
/.nil- ami Irad ilr|»o>itf of Mi<:4oiiri. A. 
W in-low ami .1. I>. KolKMtsiMi. lis, !;«. 

/.if 1 1-1. Karl von. M. 



Errat.i for V(»lumf» XV. 

I'. _".•"'. Ii:i'- I rimi: !li'- rti|i. tor " (li -t i-iIiiiIimI ' ri-;iil di-t ni"_l)i'«l. 
I'! :ai|. I'.ii- 111 fi'iii: rill- in|.. fur • \flii-iindai'k " ii-ad I'aronif. 

Errata tor Voliimo XVI. 

!'. 1" l.i-t liiK- ill 'iM't imtc. fur ""vn " n-.nl w. 
p. r.!i Ii!i' r.' t rmii I Im- Im»! !i>ni. fur "'fifr'" ri-ad I'vni. 
I*. _'||p. Iii;i- :; t ii»"i ill" liip. fill- ■' M|>pli<':d»l«- "' l«:nl iMp.llili'. 

|\ JlJ ImI\\<-!i lini- "i .iiid •; frnni f Ik- liorioiii. .i liiw ha- lifi-ii oiiiittrd; -iipply, Ko- 
Wci'i .• w.ii- .nul 1 1 1" r--i|ili-li -a Mil -torn-- of I 111". 
|» 'I li'ii'.'l I'l-'iii; 1 Im liiii Tun., fill "' /ii/Vf/ iji'///" ri'.id I'lu/siiKini/ihif. 
\'. .:'■■. liii" !".' t'loMi I in- 1n|'- t •"■■■-«■•' I inn"' ifail -i-i-i mn-. 

I' .'.11'. liiif "..'nriMii I hi- inp. t'ni " I'hitii iit!-^ iimH' iiin ' n ad I'l'tf'imK t/nHtf fniti-, 
I' .'J',. Iiii I't ini:n I III- I Ml!! I hi;, inr •■.s/i. ■ /-»/./'.« L\" ifai I /•'.•</<'• t'll'Hin Lx. 
I*. :; I-. :il '-lid nl l.t-i Inn' in-t-M. ni-n-r. 

I*. ."..■.. llPl'- II llMCl tjn- hntlnn.. I'..I ■* -i-\"!llli " ti'.ld tW.'ltfll. 



JoImb tUtholoKical Section MacliliiBH, and 

Mieroycopif TLiii Section';- 



TLbe flRuscuni. 



tl.OOA YEAR.- 



pMhtllktd ioCiiwti-CLi.' . , . ,luli*«iil of 

WALTER r. W£BB. 

Albion, N«w York. 



. CironJarB FT«e. 



Opals. Obyi. SnietliYSts and Tnrquolse. 



JAM£S U. HAMII.70N. £1 Pwm. I'ou*. 






